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ABSTRACT , -  '
r<
.E x p e r im e n ta tio n  c o n d u c ted  in  t h e - s tu d y  o f  c o n c e p tu a l  co m p le x ity
• < 1 
h a s  c o n c e n tra te d  on m ea su rin g  c o m p le x ity  i n 'a b s t r a c t  s t im u lu s  dom ains.
The in fo rm a t io n  'c o n te n t  o f  th e s e  dom ains i s  d i f f i c u l t  to  m easure  £>r
* . *■ 
c o n t r o l , . a n d  s im i l a r l y  t h e  c o n c e p tu a l  sp a c e s  o f  s u b je c t s  e x p e r ie n c in g
t h e s e  dom ains a re  d i f f i c u l t  to  m ea su re . F o r th e s e  re a s o n s  i t  was
i
th o u g h t  t h a t  i n v e s t i g a t io n  o f t h e  u se  o f  a  c o n c re te  s t im u lu s  dom ain, 
t h e  in fo rm a t io n  c o n te n t  o f  w hich can  be  m easu red  and c o n t r o l l e d ,  m ig h t
i
p ro v id e  a ' W orthw hile  a l t e r n a t i v e  env ironm en t fo r. t h e  s tu d y  o f  c o n c e p tu a l  
c o m p le x ity , ' • ' 1 ^  '
A w e ll-d o cu m en ted  m ethod o f  m easu rin g  th e  p s y c h o lo g ic a l  d im ensions 
u se d  t o  c o n c e p tu a l iz e  o b je c t s  i s  th a 'i  o f  ^ m u ltid im e n s io n a l s c a l i n g .
W hile t h i s  m ethod h as  r e c e iv e d  l i t t l e  a t t e n t i o n  by  e x p e r im e n te rs  i n  . 
t h e  f i e l d . o f  c o n c e p tu a l  c o m p le x ity , a ‘- few s tu d ie s  o f  i t s  u s e  w ith  
. a b s t r a c t  s t im u lu s  dom ains have s u g g e s te d  i t  t o  be p e c u l i a r l y  a p p r o p r ia te  
t o  th e  m easurem ent o f  c o n c e p tu a l  s t r u c t u r e .  T h is  s tu d y  was u n d e rta k e n
* ■ V  't o  i n v e s t i g a t e  th e  vaLue o f  m u lt id im e n s io n a l  s c a l in g  i n  th e  m easurem ent 
o f  c o n c e p tu a l  c o m p le x ity ^ in  a  c o n c re te  s tim u lu s  domain..
Inasm uch as complex in f o r m a t io n a l  sy stem s r a r e l y  consist o f  
’ t o t a l l y  u n r e la te d  d im e n s io n s , i t  was re a s o n e d  t h a t 'h e a l i n g  o f  s tim u lu s  
o b je c t s  v a ry in g  s im u lta n e o u s ly  o n > n o n - in te r a c t iv e  d im e n s io n s 'w o u ld  n o t 
c o n s t i t u t e  an  .a p p ro p r ia te  e x p e r im e n ta l  env ironm en t f o r  th e  s tu d y  o f  
c o n c e p tu a l  c o m p le x ity . Hence a  s t r a t e g y  was d ev e lo p ed  o f a llo w in g
i i
3 -  •'-.•' l i "■•'•' '•  •• • -v ' *• :  ' " "  ' •' - v .:~ t  •••••■' •   -    ' • •  •■■
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s u b je c t s  t o  e x p e r ie n c e  a  n o v e l .a n d  i n t e r a c t i v e  way o f  c o n c e p tu a l iz in g  
s im p le  c o n c re te  s t i m u l i .  The 'd im ensions o f  t h i s  n o v e l o r g a n iz a t io n ,  
w ere h ig h ly  i n t e r r e l a t e d ;  ncft o n ly  had  th e  s t im u l i  t o  be  concep -
'. V: ' * *
t u a l i z e d  u s in g  th e  d im en sio n s  s im u lta n e o u s ly  i n  o r d e r  t o  p e rfo rm
. • •
‘ ' e f f i c i e n t l y  i n  t h e  ta sk -, b u t  a l s o  th e  d im ensions had to  b e  f i n e l y
*• .« *
■9 •• * d i s c r im in a te d .  . . •
The p t im u l i  em ployed w ere c o n c re te  r e p r e s e n ta t i o n s  o f  th e  num bers
from _zero t o  seven  e x p re s s e d  in  b i n a r y  form . T h is  s t im u lu s  s e t  was
,seen  a s  o f  ambiguous d im e n s io n a l i ty  by  s u b je c t s ,  b u t  c o u ld  be u sed
t o  t r a n s m i t  th r e e  b i t s  o f in fo rm a tio n  ab o u t a  second  s e t  o f . s t i m u l i ,  •
w ith  p e r f e c t ,  c o n t r o l .  The in fo r m a t io n  t r a n s m i t t e d  e x p re s s e d  a  complex
r e l a t i o n s h i p  w ith  a  second  s e t  o f  d im en sio n s th ro u g h  w hich  th e  o r ig i n a l
s e t  o f  s t im u l i  c o u ld  be r e - c o n c e p tu a l iz e d .
The s u b j e c t s ’ c o n c e p tu a l iz a t io n s  o f th e  o r i g i n a l  s e t  o f  s t im u l i
was m e a su re d 'th ro u g h  m u lt id im e n s io n a l  s c a l in g  b e fo re  and a f t e r
e x p e r ie n c in g  t h e  com plex r e l a t i o n s h i p .  To a id  in  th e  i n t e r p r e t a t i o n
o f  s u b j e c t s ’ p e rfo rm a n c e s , s y n th e t i c  sp a c e s  w ere c o n s t r u c te d  c o n s i s t in g  
*
o f  t h e  b e h a v io u r  p a t te r n s o f -  h y p o th e t ic a l  s u b je c t s  c o n c e p tu a l iz in g  
th e  s t im u l i  th ro u g h  each  o f  th e  p o s s ib l e  c o m b in a tio n s  o f  one* tw o , and
i
t h r e e  d im ensions o f  th e  t r a n s m i t t e d  r e l a t i o n s h i p .  T h ese  sp a c e s  tfa re  
com pared w ith  t h e  c o n c e p tu a l  sp a ce s  o f s u b je c t s  th ro u g h  c o r r e l a t i o n ,  
c a n o n ic a l  c o r r e l a t i o n ,  f a c t o r  m a tc h in g  and  c l u s t e r  a n a l y s i s .
fn  o r d e r  t o  t e s t  th e  ra t io n a le  u n d e r ly in g  tlie . s t r a t e g y  o f a t te m p t­
in g  t o  in d u c e  s h i f t -  in  th e  c o n c e p tu a l  s t r u c t u r e ,  two c o n t r o l  g ro u p s
o '  / .  *
' S*' • %
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m easure t h e  s t a b i l i t y  o f  u n m an ip u la te d  concep t.ifa l sp aces., and one ( ’
-t
. he x p e r ie n c e d  a .random  r e l a t i o n s h i p  betw een  th e  tw o s e t s  o f  s t i m u l i ,
t o  e x p lo re  th e  e f f e c t s  .of r o t e  l e a r n in g ' o f  p a ,ir s  o f  s t i m u l i .  • ■
I t  was fo u n d  t h a t  th e  p e rfo rm an ce  o f  th e  c o n t r o l  g roup  n o t
h a v in g -e x p e r ie n c e  o f  t h e  r e l a t i o n s h i p  was m ost s t a b l e  o f  t h e  g ro u p s ,
and t h a t  t h a t  o f th e  g roup  e x p e r ie n c in g  a  random r e l a t i o n s h i p  in d ic a te d .
l e s s  change i n  c o n c e p tu a l  sp a ce  th a n  t h a t  o f  th e  e x p e r im e n ta l  g ro u p .
* '
S econd ly  i t  was found t h a t  th e  c o n c e p tu a l  sp a c e s  o f  only, th e  ex p erim en -^  
t a l  g roup c o u ld  be i n t e r p r e t e d  in  te rm s  o f  th e  n o v e l t r a n s m i t t e d  
c o n c e p tu a l iz a t io n  o f  s t i m u l i .  Summaries o f  t h e  c o n c e p tu a l  sp a ce s  o f  
s u b je c t s  o f  t h i s  g roup  v e re * p re s e i^ b d , as  w e l l  a s  i n t e r p r e t a t i o n s  
o f  th e  c o n c e p tu a l  co m p le x ity  d is p la y e d  b y  these  s u b je c t s .
' I t  was co n c lu d ed  t h a t  c o n c re te  s t im u lu s  dom ains, m u ltid im e n s io n a l^  
s c a l in g  an d  th e  s t r a t e g y  em ployed may a l l  be v a lu a b le  a l t e r n a t i v e s  
to  p re s e n tly -e m p lo y e d  m ethods o f  s tu d y in g  c o n c e p tu a l  c o m p le x ity .
IV
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s t r u c t u r e s .  T h is  i n t r o d u c to r y  c h a p te r  h a s  f o u r  m ain  o b je c t iv e s :  t o
l o c a t e  c o n c e p tu a l  co m p le x ity  th e o ry  i n - t h e  c o n te x t  o f  o th e r  c o n c e p tio n s
o f  com plex in fo rm a t io n  p r o c e s s in g ;  t o  re v ie w  t h e  te rm s  :and co n c ep ts
b a s ic  t o  c o n c e p tu a l  c o m p le x ity  th e o r y ;  t o  e s t a b l i s h  th e  v a lu e  o f  a» , »
m ore p r e c i s e  m ethod o f  a s s e s s in g  c o m p lex ity  o f  i n t e g r a t i o n  o f  in fo rm a t io n ;
and t o  d e s c r ib e  i n  b ro a d  te rm s  th e  r a t i o n a l e  f o r  s e le c t i n g  m u ltid im e n -
*
s io n a l  s c a l in g  and c o n c re te  s t im u l i  as an a p p ro ach  t o  t h a t  m ethod.
D im ensions o f  c o m p le x ity  o r  a b s t r a c tn e s s  o f  c o g n i t iv e  s t r u c t u r e s  
have been  v a r io u s ly  fo rm u la te d  by  num erous a u th o r s .  T hus, f o r  exam ple , 
S c h ro d er and R o t t e r  (1952) p ro p o se d  r i g i d i t y - f l e x i b i l i t y ;  B ie r i  (1.955) 
w ro te  o f  c o g n i t iv e  c o m p le x ity ;  S e c h re s t  and J a c k s o n  (1 96 1 ) o f  s o c i a l  
i n t e l l i g e n c e ;  K rech , C r u tc h f i e ld  and B a lla c h e y  (1 9 6 2 ) em ployed t h e
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te rm  m u l t i p l e x i t y ; and S ie b e r  and L a n z e t ta  (196H) c o n c e p tu a l iz e d  an
0
a b s t r a c t —c o n c re te  d im e n s io n . The com m onality  o f  th e s e  c o n c e p tu a l i z a t ­
io n s  i s  t h a t  th e y  view  c o m p le x ity ’ o f  c o g n i t iv e  s t r u c t u r e s  as  a  m e d ia tin g  
p e r s o n a l i ty ,  c o n s t r u c t  v a ry in g  a c ro s s  in d iv d u a ls  i n  d e g re e  o r  m anner o f  
t r a n s f o r m a t io n  o f  in fo rm a t io n . D isag reem en t e x i s t s  p r im a r i l y  o v e r  th e  
s p e c i f i c  c h a r a c t e r i s t i c s  o f  in fo rm a t io n  t r a n s f o r m a t io n  o p e r a t io n s  w hich  • 
C o n s t i tu te  t h e  l e v e l s  o f c o m p le x ity  a t  w hich an in d iv i d u a l  may f u n c t io n .  
A l l  o f  t h e s e  v a r i a n t s  h a v e , by  common usage  i l l  th e  l i t e r a t u r e ,  cane t o  
be known u n d e r th e  g e n e r ic  l a b e l  " c o g n i t iv e  c o m p le x ity " .
One f u r t h e r  c o n c e p tu a l i z a t io n  o f  c o g n it iv e ,  s t r u c t u r e s  i s  t h a t  o f  
c o n c e p tu a l  c o m p le x ity , d e s c r ib e d  and s tu d ie d  by S c h ro d e r , D r iv e r  and 
S t r e u f e r t  ( 1 9 6 7 ) and S c h ro d e r  ( l 9 7 l ) ' among o t h e r s .  An in fo rm a t io n  
p r o c e s s in g  s t r u c t u r e ,  a c c o rd in g  t o  th e s e  a u th o r s ,  c o n s i s t s  o f  a) a  
number o f  d im en sio n s  a lo n g  each  o f w hich in fo rm a t io n  can be  a rra n g e d  
in  a  s in g l e  ra n k  o r d e r ,  and b )  co m b in a to ry  r u le s  w hich o rg a n iz e  a 
number o f  d im en sio n s  o f  in fo r m a t io n  (S c h ro d e r  and B lackm an, 1 9 ^ 5 ).
In  o r d e r  t o  be c o n s id e re d  com plex , a  s t r u c t u r e  m ust i n t e g r a t e  
e n v iro n m e n ta l  e le m en ts  th ro u g h  m u l t ip le  p e r s p e c t i v e s ,  i . e .  m ust c o n s id e r  
a l t e r n a t e  r e l a t i o n s h i p s  o r  o r g a n iz a t io n s  o f  t h e  d iv e r s e  e le m en ts  
s im u l ta n e o u s ly ;  and m ust g e n e r a te  new in fo rm a t io n  from  th e  com parison  
o f  t h e  a l t e r n a t e  o r g a n i z a t i o n s . I n t e r r e l a t e d  w ith  t h i s  con c e p t o f  
i n t e g r a t i o n  a r e  two o th e r s :  d i s c r im in a t io n ,  o r  th e  f in e n e s s  o f  
o r g a n iz a t io n  among t h e  s t i m u l i  t h a t  a r e  o rd e re d  a lo n g  a  g iv e n  d im en sio n ,, 
ra n g in g  p e rh a p s  from  c o n fu s io n  o f  s t im u l i  t o  o r d e r in g  s t i m u l i  on a 
r a t i o  s c a l e ,  o r  from  b i f u r c a t i o n  o f  d im en sio n s  t o  f i n e  d i v i s i o n  o f
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d im en sio n s i n to  m u l t ip le  v a lu e s ;  and d i f f e r e n t a t i o n ,  o r  th e -  number 
o f  un ique  e le m e n ta ry  d im en sio n s o f  in fo rm a t io n  i n  a  com plex c o g n i t iv e
x i ty
o f f e r e d  by  B ie r i  ( 1 9 5 5 ) , .K e lly  (1955) and C lay to n  and Ja c k so n  (1 96 1 ) ) .
These t h r e e  — i n t e g r a t i o n ,  d i f f e r e n t i a t i o n ,  and d i s c r im in a t io n  — may
be  u n d e rs to o d  as o p e ra t io n s  u n d e rta k e n  by a c o g n it iv e  s t r u c t u r e ;
c o n c e p tu a l  c o m p le x ity  may be c o n c e p tu a l iz e d  as an a t t r i b u t e  o f  a  c o g n i t iv e
s t r u c t u r e ,  r e f e r r i n g  t o  t h e  l e v e l  o f  c o m p le x ity  a t  w hich a  s t r u c tu r e
t ra n s fo rm s  o r p ro c e s s e s  in p u ts  th ro u g h  th e s e  th r e e  o p e r a t io n s .  I n -
>
t e g r a t i o n  i s  th e  m ost c e n t r a l  o p e ra t io n  t o  c o n c e p tu a l  c o m p le x ity , in  
t h a t  i t  i s  m ost c le a n ly  an a c t iv e  t r a n s f o r m a t io n  o f  i n p u t s , w h ile  th e  
r e l a t i o n s h i p s  o f  d i f f e r e n t i a t i o n  and d i s c r im in a t io n  t o  c o n c e p tu a l  
co m p le x ity  a r e  i n d i r e c t ,  a c t in g  th ro u g h  th e  o p e ra t io n  o f  i n t e g r a t i o n .
The g r e a t e r  t h e  number o f  p e rc e iv e d  d im ensions ( d i f f e r e n t i a t i o n ) ,  th e  
g r e a t e r  t h e . p o t e n t i a l  f o r  i n t e g r a t i v e l y  complex c o n n e c tio n s  made among -  
th e 'd im e n s io n s ;  and th e  m ore i n te ig r a t i v e ly  com plex c o n n e c tio n s  made 
among th e  d im e n s io n s , th e  g r e a t e r  th e  d e g re e  t o  w hich th o s e  d im ensions
Z'(
can p o t e n t i a l l y  b e  - f in e ly  o rg a n iz e d , and th e  s t im u l i  f i n e l y  o rd e re d
» *
( d i s c r im in a t io n ) .
The S e le c t io n  o f  M u ltid im e n s io n a l S c a lin g  as  a  M ethod -
S c h ro d e r  e t  a l ,  (19 6 7 ) have  s u g g e s te d  t h a t  m u ltid im e n s io n a l ' 
s c a l in g  (MDS) i s  th e  b e s t  g e n e ra l  m ethod f o r  s tu d y in g  in fo rm a t io n
p ro c e s s in g  s t r u c t u r e s .  The p u r p o s e  o f ' MDS.  t o  u ncover t h e  p a t t e r n
o r  s t r u c t u r e  ly in g  h id d en  in  a  d a ta  m a t r ix ,  and t o  r e p r e s e n t  t h a t
s t r u c tu r e '.  ( I t  may be p a r e n t h e t i c a l l y  n o te d  t h a t  t h i s 'c o n c e p t  o f  
d i f f e r e n t i a t i o n  c lo s e ly  p a r a l l e l s  th e  d e f i n i t i o n s ,  o f  c o g n i t iv e  compl)^
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s t r u c t u r e  in  a  form  m ore am enable t o  i n t e r p r e t a t i o n  by  th e  human eye 
(S h e p a rd , 1912 . )  —  a re  o b v io u s ly  germ ane t o  t h e  s tu d y  o f  c o n c e p tu a l  
s t r u c t u r e .  In  t h a t  MDS d im en sio n s a r e  d e v e lo p e d  o n ly  i f  th e y  a r e  
r e p r e s e n t a t i v e  o f  a  m a jo r i ty  o f th e  ju d g m e n ts , t h e  d im ensions a r e  o f  
n e c e s s i ty  l i k e l y  to  be i n t e g r a t e d  in  th e  s e n s e  s p e c i f i e d  by  i n ­
t e g r a t i v e  c o m p le x ity  th e o r y  (S c h ro d e r  e t  a l ,  19&7)• The co n c ep t o f  a
complex a t t r i b u t e  l o c a t in g  p o in t s  s im u lta n e o u s ly  on m u l t ip l e  d im ensions 
i s  th e  e s se n c e  o f  both.MDS and c o n c e p tu a l  c o m p le x ity .
In  a  d e m o n s tra tio n  o f  t h e 'v a l i d i t y  o f  su ch  a s s e r t i o n s ,  D r iv e r  
(1 96 2 ) c o n d u c ted  a  s tu d y  u s in g  MDS a s  ’t h e  m easu re  o f  th e  d ep en d en t 
v a r i a b l e ,  c o n c e p tu a l  c o m p le x ity . D e s p ite  th e  a p p a re n t  succe 'ss  o f  th e
m ethod i n  ’i n t e r p r e t i n g  s t r u c t u r e  i n  t h i s  s tu d y ,  a  s e a rc h  o f  th e
l i t e r a t u r e  s u g g e s ts  t h a t  i n v e s t i g a t o r s  o f  c o g n i t iv e  c o m p le x ity  
p r e f e r  to  employ p r o j e c t i v e  t e s t s  ( e .g .  Paragraph* C om pletion  T e s t ,  
S c h ro d e r  e t  a l ,  196 7 , T h i s - I - B e l i e v e  T e s t ,  H a rv ey , Hunt and  S c h ro d e r , 
1 9 6 1 ) and  s c a l in g  t a s k s  ( e .g .  R ole  C o n s tru c t  R e p e r to ry  T e s t ,  K e l ly ,  
1955 , s e m a n tic  d i f f e r e n t i a l ,  P r a u e n f e ld e r , 197^0 a s  m easu res  o f - d i s ­
p o s i t i o n a l  c o m p le x ity , a n d  t o  u se  b e h a v io u r a l  in d ic e s  ( e .g .  tim e  
span  o f  d e c i s io n s ,  o r  t h e  u se  o f  s e l f - g e n e r a t e d  in fo r m a t io n ,  S t r e u f e r t ,  
1973} a s  m easu res  o f  co m p le x ity  a s  a  d e p e n d en t v a r i a b l e .  How ever, 
t h e  ab o v e-m en tio n ed  c o rre sp o n d e n c e  o f  th e  a ssu m p tio n s  o f  MDS w i th  th e  
p o s t u l a t e s  o f  c o n c e p tu a l  co m p lex ity  th e o r y  h a s  l e d  th e  p r e s e n t  a u th o r  
t o  b e l ie v e  t h a t  f u r t h e r  i n v e s t i g a t i o n  o f  MDS i n  t h i s  f i e l d  m ig h t p ro v e  
o f  v a lu e .  " .
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D r i v e r 's  s tu d y ,  m en tio n e d  above , l i k e  m ost ^ tu d ie s  i n  th e  a r e a  
o f  c o n c e p tu a l  c o m p le x ity  and c o g n i t iv e  co m p lex ity  g e n e r a l l y ,  em ployed 
a b s t r a c t  s t i m u l i ,  i n  t h i s  p a r t i c u l a r  ca se  s im u la te d  n a t io n s  w ith
t
v a ry in g  m i l i t a r y  and  econom ic p a ra m e te rs .  S c h n e id e r  and G iam bra (1971) 
have  c r i t i c i z e d  th e  u se  o f  a b s t r a c t  s t im u l i  i n  t h e  s tu d y  o f  c o n c e p tu a l  
com plexity-. They p o in t  o u t  t h a t " i n  "A b strac t s t im u lu s  dom ains n . . .  t h e '  
e x p e r im e n te r  i s  t o  a l a r g e  e x te n t  u n ab le  to  s p e c i f y  th e  amount o f  
in fo rm a t io n  c o n ta in e d  in  th e  s tim u lu s  m a t e r i a l  £ b ecau se  he i s ]  . . .  
u n a b le  to  s p e c i f y  e x h a u s t iv e ly  t h e  a l t e r n a t e  f o rm u la t io n s  f o r  
c o n n e c tin g  t h e  s t im u lu s  m a t e r i a l  ■which a r e  u se d  t o  g e n e ra te  new 
in fo rm a t io n  . . .  " ( p . 2 6 2 ) . B eing th u s  u n a b le  t o  s p e c i f y  th e  amount 
o f  in fo rm a t io n  a v a i l a b l e  t o  s u b je c t s  ( lo a d  c h a r a c t e r i s t i c s  o f  th e  
t a s k )  t h e . e x p e r im e n te r  h as  " . . .  o n ly  a  c ru d e  in d ic a n t  o f  th e  amount' o f  
in fo rm a t io n  p r o c e s s in g  t h a t  th e  s u b je c t  a c tu a l l y  p e rfo rm s "  ( p .2 6 2 ) . 
S c h n e id e r  and  G iam bra c o n c lu d ed  t h a t  a  u n iv e r s e  o f  c o n c re te  d im ensions 
w ould be  m ore am enable  to  p r e c i s e  m easurem ent o f  in fo r m a t io n  p r o c e s s in g .
The u s e  o f  MDS w ith  a b s t r a c t  s t im u l i  r a i s e s  a  p o in t  n o t  c o n s id e re d  
b y  S c h n e id e r  and G iam bra. S u b je c ts  em ploying a b s t r a c t  d im en sio n s  may 
d e v e lo p  i n t e r n a l l y  d e r iv e d  a s  w e l l  as e x t e r n a l l y  a n ch o red  d im ensions 
fech roder a t  a l ,  1 9 6 7 ) . The a t t r i b u t e  r e p r e s e n te d  b y  such  i n t e r n a l l y  
d e r iv e d  d im en sio n s may n o t  b e  a p p a re n t  t o  th e  e x p e r im e n te r  who s e le c te d  
th e  s t i m u l i .  Thus a  d im en sio n  o f  " a t t r a c t i v e n e s s "  c o u ld  e a s i l y  b e  m is ­
i n t e r p r e t e d  s h o u ld  t h e  e x p e r im e n te r 's  v a lu e s  d i f f e r  from  those  o f  t h e  
s u b je c t .
F o r  b o th  o f  t h e s e  r e a s o n s  th e  p r e s e n t  a u th o r  a g re e s  w ith  th e
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'  '  "  ,  ' 6 
c o n c lu s io n  re a c h e d  by  S c h n e id e r  and  G iam bra, a t  l e a s t  t o  th e  e x te n t
t h a t  i t  w ould  be v a lu a b le ,  w here p o s s ib l e ,  t o  t e s t  h y p o th e se s  d e r iv in g
from  c o n c e p tu a l  co m p lex ity  th e o r y  i n  a  c o n c r e te ,  in f o r m a t io n - c o n t r o l l e d
en v iro n m en t b e f o r e 'a p p ly in g  them  i n  l e s s  s p e c i f i a b l e ,  th o u g h  p e rh a p s
m ore c o n s e q u e n t ia l ,  s t im u lu s  u n iv e r s e s .
The C oncept to  be  L earn ed
S c h n e id e r  and G iam bra em ployed l o g i c a l  e x p re s s io n s  in  t h e i r  
e x p e rim e n t as t h e  c o n c e p ts  to  be l e a r n e d  ( se e  Haygood and  B ourne, 196-5). 
Such c o n c e p ts ,  how ever, a r e , in a p p r o p r ia te  to  th e  s tu d y  o f  c o n c e p tu a l  
c o m p le x ity , inasm uch a s  th e y  in c o r p o r a te  b in a r y  re s p o n s e  c a te g o r ie s ;  
t h a t  i s , a  s t im u lu s  e i t h e r  s a t i s f i e s  t h e  r u l e 'o r  f a i l s  t o  do so .
Thus in d iv id u a l  d im e n s io n a l e le m en ts 'm a y  be  c l a s s i f i e d  i n t o  two 
c a t e g o r i e s ,  th o s e  whose t r u t h  v a lu e  i s  s p e c i f i e d  i n  th e  r u l e  and 
th o s e  whose t r u t h  v a lu e 1 i s  n o t ;  o r ,  th o s e  m a t e r i a l  to  t h e  s a t i s f a c t i o n  
o f  th e  r u l e  and t h o s e 'n o t . -  Thus no m a t te r  how many e le m e n ts  a re  . 
im p la n te d  i n  each  d im e n s io n , th e  d im en sio n s  rem a in  b i f u r c a t e d ,  and 
hence  o f . f a i r l y .  s im p le  s t r u c t u r e .  A d d it io n  o f  e le m en ts  t o  th e  
d im en sio n s  beyond th e  tw o -e le m e n t s ta g e  c o m p lic a te s -^ h e  - s t r u c t u r e  
h u t ;..dbesi'tmt;.ma&e-jii>-‘,mor.e com plex.
F o r  t h i s  r e a s o n  a  d i f f e r e n t  c o n c ep t was d e v is e d  f o r  t h i s  s tu d y .  
T h is  c o n c e p t c o n s is te d  o f  a  m u tu a l ly  m o d ify in g  r e l a t i o n s h i p  among 
t h r e e  d im e n s io n s , d e s ig n e d  b y  a n a lo g y  t o  complex in f o r m a t io n a l  s i t ­
u a t io n s  i n  th e  w o r ld  a t  l a r g e .  The n a tu r e  o f  th e  r e l a t i o n s h i p  was 
$ex p o sed  th ro u g h  v i s u a l  p a i r i n g  o f  t h e  l e v e l s  o f  t h e  s t i m u l i  i n  
c a u s a l  and  e f f e c t  s t a g e s ,  t h a t  i s ,  p r e -  and p o s t - i n t e r m o d i f i c a t i o n
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o f  th e  d im e n s io n s . (To reducje c o n fu s io n , t h e  two s ta g e s  w ere r-ep-%
r e s e n te d  by two d i f f e r e n t  s e t s  o f  th r e e 'g e o m e tr i c  d im e n s io n s .)  E ach
* *
c a u s a l  f a c t o r  i n  th e  r e l a t i o n s h i p  a f f e c te d  a l l  o f  th e  e f f e c t  dim -
e n s io n s ,  h u t  i n  d j^ I fe r in g  i n t e n s i t i e s :  i . e ;  each  c a u s a l  f a c t o r  h ad  a
s t r o n g ,  a  m o d era te  and a  weak - e f f e c t  accom panying i t .  T h a t e f f e c t
w hich one c a u s a l  f a c t o r  s t r o n g ly  c a u se d , a n o th e r  cau sed  m o d e ra te ly ,
and th e  t h i r d  w eak ly . 1 F u r th e r ,  th e  l e v e l s  o f  c a u s a l  f a c t o r s ' a c te d
a s  c o n s ta n ts  o f  d i f f e r i n g  m a g n itu d e ^ 1, such  t h a t  v a r i a t i o n s  i n  th e
l e v e l s  o f  c a u s a l  d im en sio n s c r e a te d  p r o p o r t io n a l  changes i n  t h e i r
e f f e c t s . Thus t h e  m ag n itu d es  on th e  e f f e c t  d im en sio n s w ere  l i n e a r
a d d i t iv e  fu n c t io n s  o f  th e  m ag n itu d e s  on th e  c a u s a l  d im e n s io n s . (A
*
more d e t a i l e d  d e s c r i p t i o n  o f  t h i s  r e l a t i o n s h i p  may he found  h e lo w .)
E x p e r im e n ta l M a n ip u la tio n  and H ypo theses
The o b je c t  o f  th e  s tu d y  h e in g  to  e x p lo re  an d  a s s e s s  th e  m eth -
a
o d o lo g y , r a t h e r  th a n  t o  t e s t  h y p o th e se s  d e r iv in g  f r a n  c o n c e p tu a l
x
co m p le x ity  t h e o r y ,  th e  e x p e r im e n ta l  s t r a t e g y  c e n tr e d  on. m easu rin g  
th e  c o m p le x ity  o f  th e  s u b j e c t s 1 c o n c e p tu a l  sp a c e s  ( th e  d e p en d en t 
v a r i a b l e )  .b e fo re  and a f t e r  a  l e a r n in g  t a s k  d e s ig n e d  t o  m axim ize 
d i f f e r e n c e s  in  c o n c e p tu a l  c o m p le x ity . The o n ly  e x p e r im e n ta l ly  manu 
ip u l a t e d  in d e p e n d e n t v a r i a b l e  c o n s is t e d  o f  th e  n a tu r e  o f  th e  i n t e r -  
p o sed  l e a r n in g  t a s k .  The th r e e  c o n d it ib n s  o f  t h i s  v a r i a b l e  w ere  no 
le a r n in g  betw een  s c a l in g s ;  ^-ote le a r n in g  o f  s t i m u l i , u n d e r  w hich  
c o n d it io n  t h e r e  was no c o n s i s t e n t  r e l a t i o n s h i p  be tw een  c a u se  and e f f e c t  
and r e l a t i o n a l  l e a r n in g ,  u n d er w hich th e r e  was th e  c o n s i s t e n t ,  com plex
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r e l a t i o n s h i p  o u t l i n e d  in  th e  l a s t  s e c t io n .  The f i r s t 1two groups 
se rv e d  as  c o n t r o l s  f o r  th e  t h i r d ,  c o n t r o l l i n g  t h e  s t a b i l i t y  o f  sp a c e s  
a c ro s s  r e p e a te d  m easurem ent and r o t e  m em o riz a tio n  o f  th e  s t im u l i  
r e s p e c t i v e l y .  •
A m a jo r  u n c o n tr o l le d  v a r i a b l e  v a s  d i s p o s i t i o n a l  c o m p le x ity  o f 
s u b je c t s .  T h is  v a r i a b l e  was n o t c o n t r o l l e d  f o r  t h e o r e t i c a l  c o n s id e ra ­
t i o n s .  C o n cep tu a l c o m p le x ity  i s  a  l e a r n e d  phenom enon, a r i s i n g  
d i f f e r e n t i a l l y  w ith  d i f f e r i n g  t r a i n i n g  c o n d it io n s  (S ch ro d e r and R o t t e r ,  
1952, H arv ey , Hunt and S c h ro d e r , 1961 , S c h ro d er  e t  a l ,  1967 ) .  I t  i s  
n e i t h e r  a  t r a i t ^ n o r  a  p e rv a s iv e  s t y l e  p r e d is p o s in g  a  p a r t i c u l a r  l e v e l  ■ 
o f  c o m p le x ity  i n  a l l  s tim u lu s  dom ains. The d e g re e  t o  w hich an  i n ­
d i v i d u a l ' s  l e v e l  o f  co m p lex ity  can be  g e n e r a l iz e d  from  one s tim u lu s  
domain t o  a n o th e r  depends upon th e  s i m i l a r i t y  o f  t h e  t r a i n i n g  c o n d i t io n s  
a c ro s s  dom ains (S c h ro d e r , 1 9 7 1 ). Inasm uch as t h e r e  a r e  c u r r e n t l y  no 
t e s t s  o f  c o n c e p tu a l  c o m p le x ity  i n  th e  domain o f  c o n c re te  d im en sio n s ,■ 
and b e c a u se  th e  o r i g i n a l  l e a r n in g  c o n d i t io n s  o f  t h e  domain f o r  th e  
s u b je c t s  w ere unknown, i t  was deemed in a d v is a b le  t o  g e n e r a l i z e  from  
t e s t s  o f  d i s p o s i t i o n a l  c o m p le x ity  em ploying  a b s t r a c t  s t im u l i . .  The 
co nsequences  o f  f a i l u r e  t o  c o n t r o l ' t h i s  v a r i a b l e  a r e  d i s c u s s e d  be low .
B o th  s c a l i n g  by  each  s u b je c t  w ere co n d u c ted  upon th e  c a u s a l
s t im u l i  a lo n e  a s  o b je c t s  o f  judgm en t. H ow ever, s u b je c t s  i n  th e  r o t e
and r e l a t i o n a l  l e a r n in g  g roups w ere i n s t r u c t e d  to  make t h e i r  judgm en ts
d u r in g  t h e  second  s c a l in g  i n  te rm s  o f  th e  r e l a t i o n s h i p  th e y  had
»
l e a r n e d  betw een  th e  c a u s a l  and e f f e c t  s t i m u l i .  The r a t io n d T e  f o r
i •
!
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s c a l in g  o n ly  th e  c a u s a l  s t im u l i  was t h a t  l e a r n in g  a  r e l a t i o n s h i p  "between 
th e  c a u s a l  and e f f e c t  s t im u lu s  s e t s  would cause  th e  c o n c e p tu a l  s t r u c t u r e  
p r o c e s s in g  th e  c a u s a l  s t im u l i  t o  a l t e r  i n  d im e n s io n a l i ty ,  r u l e  o r  "both.
Thus change io ^ th e  c o n c e p tu a l  sp ace  from t h e  f i r s t  s c a l in g  t o  th e  
second  was th e  f o c a l  p o in t  o f  t h e  s tu d y .  I t  was h y p o th e s iz e d  t h a t  ' 
l e a s t  change i n  th e  c o n c e p tu a l  sp ace  w ould o c c u r  undei* th e  n o - le a r n in g  
c o n d i t io n  s in c e  n o th in g  had  o c c u re d  i n  th e  en v ironm en t t o  a l t e r  th e  
sp a c e . (T h is  r e a s o n in g  a l s o  a llo w e d  th e  n o -le a rn in g -^ g ro u p  t o  "be u se d  
as  an in d e x  o f  t h e  s t a b i l i t y  and  r e l i a b i l i t y  o f  th e  m eth o d o lo g y ). 
L ea rn in g  u n d e r t h e  r e l a t i o n a l  c o n d it io n  was h y p o th e s iz e d  t o  cause  th e  
g r e a t e s t  s h i f t  i n  c o n c e p tu a l  s p a c e ,-  s in c e  r o t e  l e a r n e r s ,  f a i l i n g  t o  
f in d  a  c o n s i s t e n t  r e l a t i o n s h i p  i n  t h e  " le a rn in g  t a s k ,  w ould be l i k e l y  
t o  r e v e r t  t o  an  a p p ro x im a tio n  o f  t h e i r  e a r l i e r  sp ace  d u r in g  th e  
second s c a l in g .  S eco n d ly  i t  was h y p o th e s iz e d  t h a t  th e  c o n c e p tu a l  
sp a c e s  o f  b o th  n o - le a r n e r s  and  r o t e - l e a r n e r s  w ould  be i n te r p r e t a b l e -  
in  te rm s o f  d im en sio n s  a t t r i b u t a b l e  t o  c h a r a c t e r i s t i c s  o f  th e  c a u s a l
O ’
s t im u l i  a lo n e ,  w hereas th e  seco n d  sp a c e s  o f  r e l a t i o n a l  l e a r n e r s  
w ould c o n ta in  d im en sio n s  d e r iv in g  from  th e  r e l a t i o n s h i p  o b ta in in g  
betw een  th e  c a u s a l  and e f f e c t  s t i m u l i .  T h is  h y p o th e s is  was b a s e d  on 
th e  re a s o n in g  t h a t  o n ly  r e l a t i o n a l  l e a r n e r s  w ould have b e e n  a b le  to  
fo rm u la te  a  new p e r s p e c t iv e  o r  o r g a n iz a t io n  o f  th e  c o n n e c tio n s  among, 
th e  c a u s a l  s t i m u l i .
The e x te n t  t o  w h ich  r e l a t i o n a l  l e a r n e r s  d id  i n  f a c t  d e v e lo p  
d im ensions i n h e r e n t  i n  t h e  r e l a t i o n s h i p  t r a n s m i t t e d  was t o  "be i n t e r ­
p r e t e d  a s  an in d e x  o f  t h e  l e v e l  o f  c o n c e p tu a l  c o m p le x ity  a t  w hich  th e
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s u b je c t  had  fu n c t io n e d  d u r in g  th e  t a s k .  The r a t i o n a l e  u n d e r ly in g  t h i s  
was t h a t  d e v e lo p in g  a c o n c e p tu a l  sp ace  in  a  d i v e r s i f i e d  e n v iro n m en t, 
l i k e  t h e  one em ployed i n  th is -  s tu d y , i s  p r e c i s e l y  w hat i s  m eant by 
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CHAPTER I I  
METHOD
S u b je c ts
The sam ple c o n s is t e d  o f  .16 m ale p o s t -  g ra d u a te  s tu d e n t s ,  aged'-'23
to  27 , and .e n r o l l e d  a t  th e  U n iv e rs i ty ^  o f  W indsor. As" th e  s u b je c t  was
th e  u n i t  o f  a n a ly s i s ,  16 s u b je c t s  r e p r e s e n te d  16 s e p a r a te  e x p e r im e n ts . .
M ales o n ly  w ere em ployed i n  o r d e r  t o  a v o id  p o s s ib le  co n found ing  e f f e c t s
due t o  d i f f e r e n c e s  be tw een  se x e s  ( a s  found by  M essick  and Kogan, i n
S c h ro d er  e t  a l ,  196 7 ) .  P o s t -g r a d u a te  s tu d e n ts  w ere s e l e c t e d  on th e
l i k e l i h o o d  o f  t h e i r  b e in g  f a i r l y  homogeneous w ith  r e g a r d  t o  e x p e r ie n c e
o f  th e  s t im u lu s  d im e n s io n s i and  c o -o p e r a t iv e  in  a  l e n g th y ,  r e p e t i t i o u s .
t a s k .  Sample s t r a t i f i c a t i o n  i n  te rm s  o f  i n t e l l i g e n c e  was n o t a n t i -
■f
c ip a te d  as  a  p rob lem  s in c e  t h e  ev id e n c e  s u g g e s ts  no d i r e c t  and 
n e c e s s a ry  r e l a t i o n s h i p  be tw een  in fo rm a ^ io n ^ p ro c e ss in g  and  i n t e l l i g e n c e  
(S c h ro d e r  e t  a l ,  196 7 ) and s in c e  t h e  sa m p le , due t o  i t s  s e l e c t i o n ,  was 
e x p e c te d  t o  be r e l a t i v e l y  homogeneous i n ; i n t6 T l ig e n c e .
M a te r ia ls  v
Two s e t s  o f  s t im u lu s  c a rd s  w ere c o n s tr u c te d .  The f i r s t  ( c a u s a l  
s t i p u l i )  c o n s is te d  o f  t h r e e  co lu m n s, l a b e l e d  A, B , and C from  l e f t  t o  
r i g h t ,  each  o f  w hich c o l umns c o n ta in e d  a  sm a ll s q u a re . These s q u a re s  
w ere b la n k  o r  f i l l e d  i n  i n  a l l  p o s s ib l e  co m b in a tio n s  6 f  z e r o ,  o n e ,
11
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tw o , and  t h r e e  f i l l e d  ‘b o x e s , th u s  y i e ld in g  e ig h t  u n iq u e  s t i m u l i  ( s e e  
F ig .  l ) .  T hese  c o n f ig u r a t io n s  r e p r e s e n t  .th e  num bers z e ro  t o  se v en  in  
b in a p y  fo rm . The d im e n s io n a l i ty  o f  th e s e  s t im u l i  was am biguous. When 
em ployed in  in fo rm a t io n  t r a n s m is s io n ,  t h e  s t im u l i  c o n ta in e d .th r e e  
d im en sio n s  o f  in fo r m a t io n ,  A, B , and  C, e a c h  b e a r in g  one b i t  o f
* b *
in fo r m a t io n .  However, when exam ined i n  th e  a b sen ce  o f  a  r e f e r e n t  f o r  
t h e  in f o r m a t io n ,  numerqus d im e n sio n s  w ere a rg u a b ly  p r e s e n t ,  w ith  
num bers o f  d im e n s io n a l e le m en ts  from  e ig h t  t o  two on e a c h  d im ension  
( t h i s  s u b je c t  is> d ev e lo p ed  i n  C h a p te r  I I I ) .
The c a rd s  o f  th e  second  s e t  o f  s t im u l i  ( e f f e c t  s t i m u l i )  c o n ta in e d  
two l i n e s ,  one o f  .which was h o r iz o n ta l  and i n v a r i a n t  a c r o s s  s t i m u l i .
The m ag n itu d e s  o f  th e  c h a r a c t e r i s t i c s  o f  th e  second  l i n e  w ith  r e s p e c t  
t o  th e  f i r s t  d e f in e d  t h r e e  d im e n s io n s : a n g le  t o  t h e  h o r iz o n t a l  
( in d i c a t e d  by t h e .u s u a l  cu rv e  sym bol n e a r  th e  ju n c t io n  o f  th e  l i n e s  
fo rm ing  th e  a n g le ) ;  d isplacem ent a lo n g  t h e  h o r i z o n t a l ;  and l e n g th  o f  th e
in­
v a r i a b le  l i n e  ( s e e  F ig .  l ) . Each o f  t h e s e  d im ensions h ad  s ix  l e v e l s
( s e e  T a b le  l ) .  The a c tu a l  c o n f ig u r a t io n  o f  l e v e l s  o f  t h e s e  d im ensions-  f
on a  p a r t i c u l a r  c a rd  was d e f in e d  by  th e  l e v e l s  o f  th e  t h r e e  c a u s a l  >
dim ension 's  i h  th e  fo llo w in g  way. L e v e ls  o f  c a u s a l  d im e n s io n s  w ere
i
a s s ig n e d  ^ co n stan ts  -of one (b la c k )  and z e ro  (w h ite  o r b l a n k ) .  L e v e ls  
o f  e f f e c t  d im e n sio n s  w ere a s s ig n e d  th e  fo l lo w in g  c o n s ta n t s :  irO° ( a n g le ) ;  
one in c h  from  t h e  r i g h t  o f  th e  h o r i z o n t a l  ( d is p la c e m e n t) ;  and one in c h
( le n g th  o f  th e  v a r i a b l e  l i n e ) .  S tro n g ,-m o d e ra te  and weak e f f e c t s  were
\
a s s ig n e d  c o n s ta n ts  o f  1 .5 ,  1 .0  and  .0 .5 , r e s p e c t i v e l y .  E f f e c t s  c a lc u la t e d  
u s in g  th e s e  c o n s ta n ts  w ere a d d i t iv e  w i th in  d im e n s io n s , and w ere u s e d  to
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F ig .  1 . C a u sa l s t im u lu s  101 ( a b o v e ) an d  accom panying 
e f f e c t  s t im u lu s  ("below ).

















^  T a b l e  '
A c t u a l  L e v e l s  a n d  R a n k  o i£ ^ L ,e v e ls  o f  E f f e c t  D i m e n s i o n s
. \
A c c o m p a n y in g  E a c h \ C a u s a l  S t i m u l u s
S t i m u l u s
P a i r
C a u s a l
D i m e n s i o n s
E f f e c t
D i m e n s i o n s
A B c  • A n g l e & a n k ) D i s p l a c e (R a n k ) L e n g t h (R a n k )
1 0 0 0 ID O 0 ( D . 5 " ( 1 )  'V •. 5 " (1 ) '
2 0 1 1 5 0 ° (4 ) 1 . 5 " ( 3 ) 1 . 0 " (2)
3 . 0 1 - 0- 1 3 0 ° (3 ) 1 . 0 " ( 2) 2 . 0 " ,<4)
4 0 1 1 1 9 0 ° ( 6 ) 2 . 0 " ( 4 ) 2 . 5 " ( 5)
S* 1 0 0 1 1 0 ° , (2 ) 2 . 0 " (4) 1 . 5 " (3)
6- 1 0 1 1 7 0 ° (5 ) 3 . 0 " ( 6 ) 2 . 0 " (4)
7 1 1 0 1 5 0 ° (4 ) 2 . 5 " (5) 3 . 0 " ( 6 )
8 1 1 . 1 2 1 0 ° (7 ) , 3 . 5 " (7) 3 . 5 " ’ (7)
/ ; 
/  . ,  • • • '
!
• H  !
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m odify  an o r i g i n a l  c o n f ig u r a t io n  o f  90°  a n g le ,  0 .5  in c h e s  d isp la c e m e n t 
r e l a t i v e  t o  th e  h o r i z o n t a l ,  and 0 .5  in c h e s  in  l e n g th .
H ence, f o r  exam p le , th e  e f f e c t  p a t t e r n  accom panying th e  c a u s a l  
c a rd  r e p r e s e n t in g  th e  b in a r y  number 101 (se e  F ig .  1 )  was d e te rm in e d  
a s  fo llo w s :  A c a u ses  1 x 1 .5  x l " = 1 .5 "  d is p la c e m e n t  ( s t r o n g ) ,  1 x  1 .5
x l " =  1" le n g th  (m o d era te ) and 1 x 0 .5  x h0° = 2 0 °  a n g le  (w eak ); B 
c a u se s  0 x 0 .5  x 1" = 0" le n g th  ( s t r o n g ) ,  0 x  1 .0  x h0Q = 0 °  a n g le  . 
-(m odera te) and 0 x 0 .5  x 1" =0" d isp la c e m e n t (w eak ); and C c a u se s  
1 x  1 .5  x 10° = 60°  a n g le  ( s t r o n g ) ,  1 x  1 .0  x  l"=  l "  d isp la c e m e n t 
(m o d era te ) and 1 x  0 .5  x  1" = l"  le n g th  (w eak ), ( in d i v id u a l  e f f e c t s  
o f  each  l e v e l  o f  each  c a u s a l  d im ension  may b e  found  i n  T ab le  2 . )
T hese e f f e c t s  a r e  added  t o  th e  o r i g i n a l  c o n f ig u r a t io n .  Thus th e  e f f e c t  
p a t t e r n  f o r  th e  c a u s a l  s t im u lu s  101 c o n ta in s  an  a n g le  to  th e  h o r i -  
z o n ta l  o f  1 7 0 ° , a  le n g th  o f  2  in c h e s ,  and a  d is p la c e m e n t- o f  3 in c h e s  
from  th e  r i g h t  a lo n g  t h e  h o r i z o n t a l  (se e  F ig ,  l ) .  The v a lu e s  o f  th e s e  
' d im e n s io n s ■f o r  each  c a u s a l  c a rd  a re  l i s t e d  i n  T a b le  1 . The a c tu a l  
m ag n itu d e s  o f  th e  i n t e r v a l s  be tw een  s u c c e s s iv e  v a lu e s  on d im en sio n s  
w ere s e le c te d  f o r  m o d e ra te ly  e a sy  d i s c r i m i n a b i l i t y  when a l l  s t im u l i  
w ere v iew ed s im u lta n e o u s ly .  The s t im u lu s  c a rd s  w ere  numbered* o n t h e  
r e v e r s e  f o r  i d e n t i f i c a t i o n  by  th e  e x p e r im e n te r .
C ards w ere a l s o  p re p a r e d  f o r  th e  s c a l i n g  t a s k .  Each c a rd  b o re  
one o f  th e  56 t r i a d s  ( a l l  p o s s ib le  c o m b in a tio n s  o f  th e  e ig h t  c a u s a l  
s t im u l i  ta k e n  th r e e  a t  a  t im e ;  i . e .  n ( n - l )  (n -2 )  / 3 I . The 
in d iv i d u a l  s t im u l i  i n  t h e  t r i a d s  w ere a r ra n g e d  i n  t r i a n g u l a r  fo rm a t on 
c a rd s  t o  m in im ize  d i f f e r e n c e s  i n  p h y s ic a l  d i s t a n c e  among them

















T ab le  2





S t r o n g  ( 1 . 5 ) M o d e r a t e  ( 1 . 0 ) Weak (.5)
Black (1) 
W h i t e  (0 )
3
Black (1) 
W h i t e  (0 )
D i s p l a c e m e n t  ( 1 " )  
1 . 5 "
0"
L e n g t h  ( 1 " )  
1 . 5 "
0"
A n g l e  ( 4 0 ° )
L e n g t h  ( 1 " )
1 "
0 "  '
A n g l e  ( 4 0 ° )
4 0 °
0 °
D i s p l a c e m e n t  ( 1 " )






L e n g t h  ( 1 " )
Black (1)
W h i t e ’ (0 )
H<T\
( s e e  F ig .  2 ) . ,  P o s i t i o n  o f  s t im u l i  .on th e  s c a l in g  c a rd s  was random ized  
and th e n  " h e ld .c o n s ta n t  f o r  a l l  s u b je c t s .
P ro c ed u re  - -
S u b je c ts  w ere f i r s t  i n s t r u c t e d  t o  p e rfo rm  com parison  judgm ents 
on the" s c a l in g  deck by  th e  in c o m p le te  m ethod o f t r i a d i c  co m p ariso n s ; 
t h a t  i s ,  t o  s e l e c t  th e  two m ost s i m i l a r ,  and th e n  th e  two m ost d i s -  
'  s im i l a r ,  s t im u l i  on, each  s c a l in g  c a rd  in  t u r n  (se e  T o rg e rso n , 1 9 5 8 ).
T h is  p ro c e d u re  y i e ld e d  112 com parisons i n  each  MDS r u n .  The o rd e r  o f  
p r e s e n t a t io n  o f  s c a l in g  s t im u l i  was random ized  and th e n  h e ld  c o n s ta n t  
f o r  a l l  s u b j e c t s .
/ E f f e c t  s t im u lu s  c a rd s  w ere th e n  p r e s e n te d  to  s u b je c t s  w ith  th e
%
i n s t r u c t i o n  t h a t  th e  c a u s a l  s e t  cau se d  th e  e f f e c t  s e t ,  and t h a t  each  
c a u s a l  c a rd  u n iq u e ly  i d e n t i f i e d  an e f f e c t  p a t t e r n .  S u b je c ts  w ere th e n  
t o l d  t h a t  t h e i r  t a s k  was t o  l e a r n  th e  r e l a t i o n s h i p  b e tw een  th e  tw o *■
s e t s  ( s e e  A ppendix  A f o r  com p le te  i n s t r u c t i o n s ) .
" 1
F o r  t h e  l e a r n in g  t a s k ,  a  s e l e c t i o n  p a rad igm  w ith  u n l im ite d  memory
c o n d it io n  was em ployed. Thus c a rd s  s e l e c t e d  by s u b je c t s  rem a in ed  in
v iew  b e s id e  t h e i r  r e s p e c t iv e  c a u s a l  c a rd s  w h ile  o th e r  p a i r s  w ere
s e le c te d .  L e a rn in g  t r i a l s  w ere s e l f - p a c e d ,  a s  w ere MDS t r i a l s .  A
s tu d y  p h a se  fo llo w e d  th e  s e l e c t i o n  t a s k ,  a l s o  te r m in a te d  by  th e  s u b je c t .
As t h e  d e g re e  o f  d i f f i c u l t y  p r e s e n te d  by th e  t a s k  was unknown 
%
p r i o r  t o  ru n n in g  s u b je c t s ,  t h e  f i r s t  s u b je c t  was a llo w e d  o n ly  One p a s s  
th ro u g h  th e  d e c k . The seco n d  was a llo w e d  t h r e e ,  and a l l  su b se q u e n t 
s u b je c t s  w ere r e s t r i c t e d  t o  two p a s s e s .






A \  B C A B : c
u □ '  ■ ■ H ■ B
F ig .  2 . Example o f  s c a l i n g  c a rd  show ing s t i m u l i  110 (a b o v e ) , 
001 ( l e f t ) ,  and  111 ( r i g h t ) .
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F o r s u b je c t s  in  th e  r o t e  c o n d i t io n ,  c a u s a l  and e f f e c t  s t im u l i  
w ere random ly p a i r e d  b u t  c o n s i s t e n t l y  p r e s e n te d  i n  t h e s e  p a i r s .
P a i r i n g  f o r  r e l a t i o n a l  l e a r n e r s  was o f  c o u rse  r e g u la te d  by  th e  
r e l a t i o n s h i p  o u t l i n e d  above . O th e rw ise  th e  p ro c e d u re s  f o r  r o te  and 
r e l a t i o n a l v s u b j e c t s  w ere i d e n t i c a l .  E o - le a rn in g  s u b je c t s  p ro ce e d e d  
d i r e c t l y  from  t h e  f i r s t  MDS t o  th e  seco n d .
F o llo w in g  e a ch  l e a r n in g  p h a se  s u b je c t s  w ere r e q u i r e d  t o  i d e n t i f y  
th e  c a u s e - e f f e c t  p a i r s .  I n  t h i s  p h a s e , a l l  e f f e c t  c a rd s  w ere l a i d  o u t 
I n  a  random  a r r a y  b e fo re  t h e  s u b je c t ,  and one c a u s a l  c a rd  a t  a  tim e  
was p r e s e n te d  f o r  i d e n t i f i c a t i o n .  E f f e c t  s t im u l i  w ere r e s h u f f l e d  
be tw een  i d e n t i f i c a t i o n s .  The o rd e r  o f  p r e s e n t a t i o n  o f  c a u s a l  s t im u l i  
f o r  i d e n t i f i c a t i o n  was ran d o m ized  and th e n  h e ld  c o n s ta n t  f o r  a l l  
s u b j e c t s .
F o llo w in g  th e  l e a r n in g  p h a s e , s u b je c t s  were, r e q u i r e d  t o  p e rfo rm  
a  seco n d  s c a l in g  o f  th e  t r i a d s  o f  c a u s a l  s t i m u l i .  The o r d e r  o f  p r e ­
s e n t a t i o n  o f  t r i a d s  was p r e c i s e l y  r e v e r s e d  frcm  t h e  f i r s t  s c a l in g  f o r  
a l l  s u b j e c t s .  The i n s t r u c t i o n s  f o r  s u b je c t s  u n d e r  r o t e  and r e l a t i o n a l  
c o n d i t io n s  r e q u i r e d  them  t o  make judgm en ts  o f  s i m i l a r i t y  and d i s ­
s i m i l a r i t y  i n  te rm s  o f  th e  r e l a t i o n s h i p  be tw een  c a u s a l  and  e f f e c t  
s t i m u l i  { see  A ppendix A ) , a s  -d is c u s se d  i n  th e  p re v io u s  c h a p te r .
F o llo w in g  th e  seco n d  s c a l i n g ,  r o t e  and r e l a t i o n a l  l e a r n e r s  
w ere r e q u i r e d  t o  i d e n t i f y  t h e  c a u s e - e f f e c t =p a i r s  once m o re , e x a c t ly  as 
i n  p re v io u s  i d e n t i f i c a t i o n  r u n s .
F o llo w in g  th e  l a s t  t a s k ,  s u b j e c t s '  ages  w ere r e c o r d e d ,  and  th e n  
s u b ie c t s  w ere th o ro u g h ly  d e b r ie f e d .
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S t a t i s t i c a l  A n a ly ses  and S t r a t e g i e s  o f  D a ta  I n t e r p r e t a t i o n
The f i r s t  a n a ly s i s  ru n  on d a ta  was MDS. The u n i t  o f  a n a ly s i s  
was t h e  s u b je c t , '  a s  n o te d  above. T h is  c o n s t i t u t e s  t h e  l i m i t i n g  c a s e /  
o f  d is a g g r e g a te  a n a l y s i s .  I n d iv id u a l  a n a ly s i s  does n o t v i o l a t e  any  o f  
' th e  a ssu m p tio n s  o f  MDS. G reen and Rao (1972) s u g g e s t  t h a t  i t s  o n ly  • 
d is a d v a n ta g e s  a r e  in c r e a s e d  com puting tim e  and d i f f i c u l t y  in  .com paring 
s u b je c t s  i f  t h e  r e s u l t s  a r e  n o t hom ogeneous, a lth o u g h  T ucker and. M essick  
( 1 9 6 3 ) s u g g e s t  t h a t  some s t a b i l i t y  o f  r e s u l t s  i s . s a c r i f i c e d . %
' The s c a l in g  d a ta  w ere s c o re d  z e ro  f o r  each  judgm ent o f  " s im i la r "  
betw een  two s t im u l i  and two f o r  e a ch  judgm ent o f  " d i s s i m i l a r " .  The 
rem a in in g  p a i r  o f  s t i m u l i  w i th in  each  t r i a d ,  w hich h ad  n o t  r e c e iv e d , 
a  fo rm a l a sse ssm e n t by  s u b j e c t s ,  was a s s ig n e d  a  s p o re  o f  o n e . I n  56 , 
t r i a d s , -  each  p a i r ' o f  s t im u l i  a p p e a re d  s i x  t im e s ,  each  tim e  c o u p le d  
w ith  one o f  t h e  re m a in in g  s i x  s t i m u l i :  th u s  t h e r e  w ere s i x  s c o re s  f o r  
ea ch « .p a ir . Means f o r  each  o f  th e  28 p o s s ib l e  p a i r s  o f  s t i m u l i  w ere 
com puted frcm  t h e i r  r e s p e c t i v e  d i s s i m i l a r i t y  t o t a l s  t o  form  a  d i s ­
s i m i l a r i t y  d i s t a n c e  e s t im a te ,  and a r ra n g e d  i n  m a t r ix  form  f o r  in p u t  
t o  a  s c a l in g  program m e.
The MDS programme u se d  was KYST (K ru s k a l ,  Young and S e e ry ,  1 9 7 3 ), 
w hich  a p p l i e s  t h e  K ru sk a l (1 9 ^ 3 .a ,b )  n o n -m e tr ic  a lg o r i th m  t o  an 
i n i t i a l  c o n f ig u r a t io n  p ro d u ced  by th e  T o rg e rso n  c l a s s i c a l  s c a l in g  
p ro c e d u re  (T o rg e rs o n , 1 9 5 8 ). The m ethod p ro c e e d s  by  r e g r e s s in g  d e r iv e d  
d i s t a n c e  e s t im a te s  on th e  in p u t  d i s t a n c e  e s t im a te s  and m in im iz in g  s t r e s s ,  
a  g o o d n e s s - o f - f i t  m easu re  b a se d  on t h e  d isc re p a n c y * b e tw e e n  th e  d e r iv e d  
' d i s t a n c e  m a t r ix  and  t h e  d i s p a r i t i e s  m a t r ix  form ed from  th e  v a lu e s  o f
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th e  r e g r e s s io n  '(Sherm an, 1972 ).
The s t r e s s  s t a t i s t i c  g e n e r a l ly  p e rm its  two ty p e s  o f  i n t e r p r e t a t i o n .
F i r s t l y ,  v a r io u s  i n v e s t i g a t o r s '  ( e . g . - K la h r , 1 9 ^ 9 , S te n so n  and K h o ll ,
~ 1969, Sheim an, 1972 and K ru s k a l,  196^a) have d e te rm in e d  t h e ' l e v e l s  o f
s t r e s s  f o r  v a r io u s  d im e n s io n a l i t ie s  .and v a r io u s  numbers o f  s t im u l i  f o r
y . /random d a ta ,  w hich y i e l d s  a  rough  g u id e  t o  th e  l i k e l ih o o d  o f  p u re
n o is e  i n  th e  d a ta  m a t r ix .  S ec o n d ly , e x a m in a tio n  o f  th e  a b s o lu te  v a lu e
o f  s t r e s s  in  s e v e r a l  d im e n s io n a l i t i e s  c o u p le d  w ith  e x a m in a tio n  o f  th e
r a t i o s  o f  f i n a l  s t r e s s e s  a c ro s s  th e  d im e n s io n a l i t i e s  w i th in  a  d a ta  *
p o o l p e rm its  i d e n t i f i c a t i o n  o f  th e  m ost a p p r o p r ia te  number o f  d im en sio n s 
f o r  t h e  d a ta  m a tr ix  (S h e p a rd , 1 9 7 2 ). K ru s k a l1s " f a i r "  ( s t r e s s  = .1 0 ) 
and "good" ( s t r e s s  = . 0 5 ) c a te g o r ie s  w ere em ployed in  t h i s  s tu d y .
I t  sh o u ld  p e rh a p s  bfe n o te d  t h a t  a l l  d a ta  was a n a ly z e d  u s in g  a  
Minkowsky r -m e tp ic  o f  tw o . (The Minkowsky r -  m etric^  i s  s im p ly  th e  
exponen t r _ i n  t h e  g e n e r a l  d i s t a n c e  fo rm u la  7
d V  {xi - yi -K+ U 2 - y 2 ) " + . . . +  (x p-Yp ) r
w here £  i s  th e  number o f  d im en sio n s in  w hich  t h e  p o i n t s ,  X and Y, a r e  
lo c a te d .  F o r  r_=2, t h i s  e x p re s s io n  i s  th e  c l a s s i c a l  E u c l id ia n  d i s t a n c e  
fo rm u la ) .  S h e rm an .{1972) s u g g e s ts  t h a t  a  c i t y - b lo c k  m odel ( r = l ) ‘ i s  
a p p r o p r ia te  when th e  d im e n sio n s  o f  t h e  s t i m u l i  a r e  p e r c e p tu a l ly  
d i s t i n c t ,  a s  a r e  th e  c a u s a l  s t im u lu s  d im e n s io n s ; how ever, w ith  in c r e a s e d  
i n t e r a c t i o n  o f  t h e  component d im e n s io n s , a s  i n  th e  com plex r e l a t i o n s h i p  
t r a n s m i t te d - - th e .Minkowsky exponen t o f  th e  a p p r o p r ia t e  d i s t a n c e  m e t r ic  
te n d s  away from  one to w ard  i n f i n i t y .  The d im e n sio n s  o f • th e  r e l a t i o n s h i p
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t r a n s m i t t e d  w ere h ig h ly  i n t e r a c t i v e .  I t  may he c a lc u la t e d  f ro n  T ab le  1. 
t h a t  th e  c o r r e l a t i o n  be tw een  each  p a i r  o f  th e  th r e e  d im en sio n s was .7 9 . 
T h is  i n t e r a c t i o n  c o n s t i t u t e d  .the  p r e c i s e  d e g re e  o f  i n t e g r a t i v e  com­
p l e x i ty  im bedded i n  th e ' t a s k .  (T h is  i n t e r a c t i o n  was a d d it iv e .^  r a t h e r  
th a n  th e  m ore f r e q u e n t ly  e n c o u n te re d  m u l t i p l i c a t i v e  i n t e r a c t i o n ,  a s  
e x p la in e d  i n  t h e  M a te r ia ls  s e c t io n  a b o v e .)
The im p l ic a t io n  o f  t h i s  h ig h  d e g ree  o f  i n t e r c o r r e l a t i o n  o f  th e  
im bedded d im en sio n s had  s e r io u s  consequences f o r  th e  r e c o v e ry  o f  th e  
d im ensions th ro u g h  MDS. The a c tu a l  sp ace  r e p r e s e n t in g  a c c u r a te  
m easurem ent o f  th e  i n t e r p o i n t  d i s t a n c e s ,  d e r iv e d  by th e  E u c l id ia n  
d i s ta n c e  fo rm u la  from  th e  raA ks o f th e  v a lu e s  o f  th e  e f f e c t  d im ensions 
on each  s tim u lu s  c a rd  ( s e e  T a b le  l ) ,  i s  h ig h ly  o b l iq u e ,  w ith  an a n g le
A
o f  37° b e tw een  each  p a i r  o f  ax e s  ( th e  c o r r e l a t i o n  c o - e f f i c i e n t '  e q u a ls
th e  co ,sine o f  t h e  a n g le ) .  (T h is  sp ace  may be im ag in ed  a s  tw o e q u i l a t e r a l
t r i a n g l e s  o f  e q u a l  s iz e  su sp en d ed  i n  p a r a l l e l  p l a n e s ,  lo c a te d  su c h  t h a t
an  a x is  o r th o g o n a l  t o  t h e  p la n e s  p i e r c e s  t h e i r  c e n t r o id s ,  and o r ie n te d
such  t h a t  th e  .-hpi'ces o f  one b i s e c t  th e  b a s e s  o f  th e  o th e r .  The ex trem e
s t i m u l i ,  z e ro  and  sev en  in  b a s e  t e n ,  a r e  lo c a t e d  on th e  a x is  on e i t h e r
s id e  o f  th e  t r i a n g l e s ,  w h ile  th e  ffest.. o f  th e  p o i n t s  f a l l  on th e
a p ic e s  o f  t h e  t r i a n g l e s . )
KYST, u n f o r tu n a te ly ,  l i k e  o th e r  MDS program m es, assum es o r th o g o n -
'  r
a l i t y  o f  t h e  ax e s  o f  th e  s p a c e s  to  be c o n s tr u c te d .  H ence, w h ile  th e  
d i s t a n c e s  be tw een  p o in ts  on a  cube a r e  r e p r e s e n te d  a c c u r a te ly  by  KYST 
b o th  g r a p h ic a l ly  and by  s t r e s s ,  g r e a t l y  o b liq u e  sp a c e s  a r e  a c c u r a te ly  
r e p r e s e n te d  o n ly  g r a p h i c a l l y .  Hence th e  m ost a p p r o p r i a t e 1 d im e n s io n -
I
a l i t y  o f  o b l iq u e  sp a c e s  in p u t  t o  KYST rem ains  open  t o  q u e s t io n .  (T h is
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problem  m ust o c c u r in  a l l  complex ( i n t e r a c t i v e )  i n t e g r a t e d  s t im u lu s  
u n iv e r s e s . )
The s t r a t e g y  d e v e lo p e d  to  surm ount t h i s  d i f f i c u l t y  was th e  
g e n e ra t io n  o f  s y n th e t ic  s p a c e s .  T hese sp aces  r e p r e s e n te d  th e  i n t e r ­
p o in t  d i s t a n c e  e s t im a te s  o f  h y p o th e t ic a l  s u b je c t s  who a t te n d e d  e x a c t ly  
one , e x a c t ly  two o r  e x a c t ly  th r e e  d im ensions o f th e  t a s k .  Thus sev en  
h y p o th e t ic a l  sp a c e s  in  a l l  w ere g e n e r a t e d . ' A cco rd in g  t o  th e  f i n a l  
s t r e s s e s  each  was a  good f i t  t o  one d im e n s io n . I n  o rd e r  t o  d e m o n s tra te  
t h a t  t h e i r  d im e n s io n a l i ty  was in d e e d  t h a t  w hich was im p la n te d , t h e  i n t e r ­
p o in t  d i s t a n c e s  r e p r e s e n te d  by  th e s e  sp a c e s  w ere r e - e s t im a te d  in  a
m anner a p p r o p r ia t e  t o  o r th o g o n a l  r e f e r e n c e  a x e s :  i . e .  d i r e c t  m easurem ent
* . ‘ w i t h .a  r u l e r  ort a  p l o t  c o n s tr u c te d  u s in g  o b liq u e  r e f e r e n c e s  a x e s .  T h is
p ro c e d u re  y i e ld e d  e s s e n t i a l l y  th e  same e s t im a te s  t h a t  w ould b e  d e r iv e d  
th ro u g h  r o t a t i n g  one o f  th e  o b l iq u e  axes away frcm  th e  o th e r  th ro u g h  
5 3 ° , and o b ta in in g  th e  f a c t o r  lo a d in g  p a t t e r n .  T hese  n o n -E u c lid ia n  
d i s t a n c e  e s t im a te s ,  when i n p u t ' t o  KYST, p ro d u ce d  f i n a l  s t r e s s e s  o f  
.00  f o r  t h e 'r e l e v a n t  d i m e n s io n a l i t i e s ,  and h ig h e r  s t r e s s e s  f o r  
h ig h e r  d i m e n s io n a l i t i e s ,  a s  e x p e c te d . H ow ever, th e  g r a p h ic a l  r e p r e s e n ­
t a t i o n  o f  t h e  s p a c e s  was d i s t o r t e d ,  g r e a t e r  d i s t a n c e s  b e in g  p r o p o r t i o n -  
a t e l y  r e d u c e d  com pared to  l e s s e r  d i s t a n c e s .
T hese s y n th e t i c  sp a c e s  p e r m i t te d  e v a lu a t io n  o f  th e  d im e n s io n a l i ty  
o f  s u b j e c t s ’ second  sp a ce s  i n  te rm s  o f  t h e  developm ent o f  d im e n sio n s  
t r a n s m i t t e d  in  t h e  l e a r n in g  t a s k .  The s t r a t e g y  r e s t e d  on th e  n o t io n  
t h a t  h a d  a  s u b je c t ,  d e v e lo p e d  a  c o n c e p tu a l  sp a ce  c o n ta in in g  one o r  more 
o f  t h e  t r a n s m i t t e d  d im e n s io n s , th e  c h a r a c t e r i s t i c s  o f  th e  s u b j e c t ’ s
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sp ace  w ould m atch  c h a r a c t e r i s t i c s  o f ' th e  r e l e v a n t  s y n th e t ic  sp a c e .
T hree  m ethods o f  com paring s y n th e t i c  w ith  s u b je c t s ',  second  sp a ce s  w ere, 
a tte m p te d : f a c t o r  m a tc h in g ' and c a n o n ic a l  c o r r e l a t i o n  o f  fa c to r]  p a t t e r n  
lo a d in g s  (o u tp u t  frcm  th e  s c a l in g  program m e), and c o r r e l a t i o n  o f  *
d is ta n c e  v e c to r s  (from  th e  m a tr ix  o f  d i s t a n c e  e s t im a te s  in p u t  t o  th e
C ) *
s c a l in g  program m e). B lin d  u se  o f the^^form er two m ethods was im­
p r a c t i c a l .  To compare a l l  o n e , t^ o  and th r e e  d im e n s io n a l c o n f ig u ra — 
t i o n s  f o r  l6  s u b je c t s  w ith  seven  s y n th e t i c  sp a c e s  w ould  have  r e q u i r e d  
336 s e p a r a te  a n a ly s e s  f o r  each  o f  th e  m eth o d s. Even when a  " b e s t
' ’’ v r '  •
d im e n s io n a l i ty "  h a d  b een  i n t e r p r e t e d —fo r  s u b j e c t s '  second  s p a c e s ,
1 1 2  a n a ly s e s  w ould  have  b een  r e q u i r e d  f o r  e a c h . T h e re fo re  p r im a ry  
r e l i a n c e  was p la c e d  upon th e  c o r r e l a t i o n  o f  d i s t a n c e  v e c to r s  a s  an 
i n d i c a to r  o f  b e s t  f i t  to  s y n th e t i c  s p a c e ,  and c a n o n ic a l  c o r r e l a t i o n  
and f a c t o r  m a tch in g  w ere em ployed s e c o n d a r i ly  t o  h e lp  e x p la in  th e  
c o r r e l a t i o n s  fo u n d .
The c a n o n ic a l  c o r r e l a t i o n s  w ere run  i n  SPSS (H ie , H u ll  J e n k in s ,
S te in b re n n e r  and B e n t, 1975) and th e  f a c t o r  m a tc h in g  i n  OSIRIS I I I
S
(B arge and M arks, 1 9 7 3 ). F a c to r  m atch in g  p ro c e e d s  by r o t a t i n g  one 
sp ace  to  re d u c e  th e  o v e r a l l  d i s t a n c e  betw een  lo c a t io n s  o f  p o in ts  in  
t h a t  sp ace  and  t h e i r  r e s p e c t iv e  lo c a t io n s  if t  a  se co n d . The s t a t i s t i c  
em ployed i n  t h i s  s tu d y  t o  d e s c r ib e  th e  g o o d n e s s - o f - f i t  b e tw een  th e  
two sp a c e s  i s  T rE 'E /p q , o r  th e  sum o f  s q u a re s  o f  t h e  e le m en ts  o f th e  
r e s i d u a l  m a tr ix  d iv id e d  by  th e  num ber o f  e le m e n ts  o f  th e  m a t r ix ,  w hich  
i s  an a lo g o u s t o  t h e  e r r o r  te rm  o f  th e  g e n e r a l  l i n e a r  m odel. T h is  
s t a t i s t i c  i s  sym m etric  u n d e r o r th o g o n a l  r o t a t i o n  (Schoneman and C a r r o l l  
1970 ) 5. a s  i n  t h e  p r e s e n t  c a s e ,  and  h ence  w h ich  sp a ce  was r o t a t e d  to
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w hich was i r r e l e v a n t .
• *
C o r r e l a t i o n ‘o f  d i s t a n c e  v e c to r s  and c a n o n ic a l  c o r r e l a t i o n  and
f a c t o r  m atch ing  o f  f a c t o r  lo a d in g  m a tr ic e s  w ere a l s o  em ployed to  c a n p are
» £
f i r s t  and second  sp a c e s  w i th in  s u b je c t s .  The l a t t e r  two m ethods a g a in  
w ere  n o t  b l i n d l y  a p p l ie d .  D im e n s io n a l i t ie s  t o  be com pared w ere 
s e l e c t e d  on th e  b a s i s  o f  a " b e s t  d im e n s io n a l i ty "  c o m p o s ite ly  d e te rm in e d  
th ro u g h  s t r e s s  and i n t e r p r e t a t i o n  o f  th e  d im e n s io n s . D im ensions o f  th e  
f i r s t  sp a c e s  w ere i n t e r p r e t e d  by la y in g  o u t th e  c a u s a l  s t i m u l i  on th e  
g ra p h ic  r e p r e s e n t a t i o n s  o f  t h e  s p a c e s ,  and e y e b a l l in g  t h e  r e s u l a n t  
p a t t e r n s .  D im ensions o f  th e  second  sp a ce s  o f  r o t e  and r e l a t i o n a l  
s u b je c t s  w ere more d i f f i c u l t  t o  i n t e r p r e t ,  s in c e  f i r s t l y ,  a s  was 
p o in te d  o u t ab o v e , t h e  s t r e s s  o f  th e  d im e n s io n a l i t ie s  w ould  be  m is ­
le a d in g  i f  e f f e c t  d im en sio n s w ere d e v e lo p e d  i n  t h e  s p a c e s ;  and s e c o n d ly , 
i t  was q u i t e  p o s s ib l e  t h a t  seco n d  s p a c e s  o f  t h e s e  s u b je c t s  c o n ta in e d  a  
m ix tu re  o f  b o th  c a u s a l  and e f f e c t ,d im e n s io n s . F o r t h e  l a t t e r  r e a s o n  
th e  p ro c e d u re  o f  i n t e r p r e t i n g  i n  te rm s  o f  c a u s a l  d im ensions was 
r e p e a te d  f o r  th e  second  sp a c e s  o f  a l l  s u b j e c t s .  '
A second  m ethod  o f  i n t e r p r e t i n g  th e  second  sp a c e s  o f  r o t e  and 
r e l a t i o n a l  s u b je c t s  was b a s e d  on 'th e  c o n cep t o f  s u p e r s c r ib in g  r e f e r e n c e  
a x e s  o n to  t h e  s p a c e s . F o r th e  s y n th e t i c  s p a c e s ,  f o r  r e s p e c t i v e ly  th e  
tw o - and  th r e e -d im e n s io n a l  c a s e s ,  one and two axes  d ropped  o r th o g o n a l ly  
t o  an  a x is  p a s s in g  th ro u g h  th e  tw o ex trem e  s t i m u l i ,  z e ro  and  se v e n , 
r e n d e r  th e  sp a c e s  i n t e r p r e t a b l e  (when s t r u c t u r e  i n  te rm s o f  t h e  e f f e c t  
d im en sio n s  i s  in d e e d  p re s e n t) . F o r exam p le , i n  th e  s y n th e t i c  sp ace
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b a se d  on a n g le  and  d is p la c e m e n t , t h e  second a x is  form s a  continuum  on 
w hich th e  p o in ts  a r e  l o c a t e d  in  te rm s  o f  th e  am ounts o f  a n g le  and 
d isp la c e m e n t th e y  r e p r e s e n t ,  w ith  maximum a n g le  and^minimum d i s p l a c e ­
m ent a t  one end and maximum, d isp la c e m e n t, and minimum a n g le  a t  th e  o th e r  
end . As i t  h ap p en ed , th e s e  ax es  w ere a l r e a d y  d e v e lo p e d  f o r  th e  
s y n th e t i c  sp a c e s  by KYST, s in c e  th e  ex trem e p o in t s  o f  th e  sp a ce  form ed 
a  lo n g  a x is  ab o u t w hich th e  o t h e r 'p o i n t s  w ere sy m m e tr ic a l. F o r  s u b je c t s '  
sp aces  th e  ax es  d id  n o t f a l l  i n  t h i s  c o n f ig u r a t io n ,  p resu m a b ly  due to  
a t te n d in g  c o n c e p tu a l  r u l e s  o th e r  th a n  th o s e  embedded in  th e  t r a n s ­
m i t te d  r e l a t i o n s h i p ,  o r  t o . s u b j e c t s '  e r r o r  i n  e s t im a t in g  th e  d i s ta n c e  
betw een  p a i r s  o f  p o in ts  o f  th e  t r a n s m i t t e d  d im e n s io n s , o r  t o  th e
y
p re s e n c e  o f  p u re  n o is e .  D ropping  th e  o r th o g o n a l  ax es  i n  s u b j e c t s '  
sp a ce s  am ounted t o  r o t a t i n g  th e  sp a ce s  t o  s e l e c t e d  o rthogonal"  axes 
w hich f a i l e d  t o  m axim ize f a c t o r  lo a d in g s ^  and w hich  hence  would n o t 
be  d e v e lo p e d  by  a  f a c t o r i n g  program m e, b u t w hich w ere o f  m a jo r  i n t e r e s t .  
O rth o g o n a l p r o j e c t i o n  o f  th e  s t i m u l i  o n to  th e s e  ax es  p e r m i t t e d  con­
s t r u c t i o n  o f . s i n g l e  d im ensions com parab le  t o  th e  a n g le - to - d is p la c e m e n t  
continuum  m en tio n e d  a b o v e ; i n t e r p r e t a t i o n  o f  th e s e  d im en sio n s  ^ a s  
co n d u c ted  s im p ly  by  com parison  o f  t h e  s y n th e t i c  c o n tin u a  w i th  th e  new 
d im en sio n s c r e a te d  f o r  s u b je c t s  by s u p e r s c r i p t io n  o f  o r th o g o n a l  a x e s . 
W hile t h i s  m ethod was d e s ig n e d  f o r  tw o - and th re e - d im e n s io n a l  e f f e c t  
s p a c e s ,  th e  p r i n c i p l e  can b e  e x te n d e d  t o  o n e -s p a c e s . O rth o g o n a l 
p r o je c t i o n  o f  t h e  p o in t s  o n to  t h e  a x is  c o n n e c tin g  th e  ex trem e  p o in ts  
p e r m i t te d  developm ent o f  an o rd e re d  d im ension  w hich  c o u ld  be  t e s t e d  
a g a in s t  s y n th e t i c  o h e - s p a c e s .
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In  o rd e r  t o  d i s p e l  any c o n fu s io n  c a u sed  "by th e  i n t e r p r e t a t i o n  o f  
su p p o sed ly  o b liq u e  sp a c e s  v ia  o r th o g o n a l  d im e n s io n s , a  b r i e f  d i s c u s s io n  
may be i n  o r d e r .  F ig .  3 shows th e  tw o -sp a c e  r e p r e s e n t in g  a  h y p o th e t ic a l  
s u b je c t  a t t e n d in g  a n g le  and  d isp la c e m e n t i n  t h e  t a s k .  The p o in t s  w ere 
lo c a te d  on t h i s  p l o t  th ro u g h  t h e i r  c o - o r d in a te s  w ith  r e s p e c t  t o  th e  
o b l iq u e  ax es  ( ra n k s  o f  e le m e n ts  i n  T a b le  l ) ,  and th e  d i s t a n c e s  be tw een  
th e  p o in t s  w ere c a lc u la t e d  u s in g  th e s e  c o - o r d in a te s  i n  t h e  E u c l id ia n  
d i s ta n c e  fo rm u la . However, th e s e  ax es  a re  d i f f i c u l t  t o  i n t e r p r e t  upon 
in s p e c t io n ,  s in c e  th e  c o -o r d in a te s  o f  th e  p o in t s  i n c r e a s e  on b o th  
d im ensions a h n o s t  s im u lta n e o u s ly  ( th e  c o r r e l a t i o n  be tw een  th e  axes  i s  
.7 9 ) -  How ever, an a x is  d ropped  th ro u g h  th e  ex trem e s t i m u l i ,  and a n o th e r  
. o r th o g o n a l  t o  i t  r e n d e r  th e  sp ace  m ore e a s i l y  i n t e r p r e t a b l e  by in s p e c ­
t i o n ,  s in c e  on t h i s  second  a x is  t h e  c o - o r d in a te s  , o f  th e  p o i n t s  in  te rm s  
o f  a n g le  an d  d isp la c e m e n t in c r e a s e  i n  o p p o s i te  d i r e c t i o n s .  H ow ever, 
th e  r a t i o s  o f  d i s t a n c e s  among th e  p o in ts  a r e  n o t p r e s e r v e d  when th e  
c o - o r d in a te s  o f  th e  p o in ts  a r e  d e s c r ib e d  i n  te im s  o f  th e s e  o r th o g o n a l  
a x e s . Thus o b liq u e  and o r th o g o n a l  a r e  s im p ly  d i f f e r e n t - p o i n t s  o f
view  o f  th e  same m a t te r :  b u t  th e y  h av e  some d i f f e r e n t  c h a r a c t e r i s t i c s . ....
The l a s t  type- o f  a n a ly s i s  ru n  on th e  d a ta  was c l u s t e r  a n a l y s i s ,  . 
ru n  ..in OSIRIS I I I  HICLSTR;-: (B arge  and M arks, 1 9 7 3 ). T h is  a n a ly s i s  
p ro ce e d s  b y  exam in ing  th e  d i s t a n c e  v e c to r  f o r  th e  sp ace  t o  be  s tu d i e d ,  
and h i e r a r c h i c a l l y  a s s o c i a t i n g  p o in t s  among w hich th e  d i s t a n C e s 'a r e  
l e a s t .  T h is  programme:- £ o u tp u t  i n d i c a t e s  th e  p r o x im ity ,  i n  te rm s  o f  
in p u t  d i s t a n c e s , o f  th e  m ost d i s t a n t  p a i r  o f  p o in ts  w i th in -  th e  c l u s t e r  
to  w hich  a  -p o in t was added  on t h a t  s t e p .  Due to  th e  s c o re s  a s s ig n e d











F ig .  3 . H y p o th e t ic a l  s u b je c t  a t t e n d in g  a n g le  and d is p la c e m e n t,
d e m o n s tra tin g  t h e  p o s i t i o n s  o f  o b l iq u e  and o riŝlo g o n a l a x e s .
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t o  s u b j e c t s '  judgm en ts o f  s i m i l a r i t y  and d i s s i m i l a r i t y ,  a s  d e s c r ib e d  
above , t h e  maximum p o s s ib l e  d i s s i m i l a r i t y  s c o re  was 2 .0 0 0 , and th e  
minimum p o s s ib l e ,  0 .0 0 0 . I t  th u s  was c o n s id e re d  r e a s o n a b le  t o  a c c e p t  
a  p ro x im ity  l e v e l  o f  1 .0 0 0  a s  th e  c u t - o f f  f o r  c la im in g  c l u s t e r i n g ,  
s in c e  o n e -h a l f  th e  p o s s ib l e  p r o x im it ie s  a r e  ab o v e , and o n e -h a l f  b e lo w , 
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CHAPTER I I I ' .
RESULTS
Group R e s u l ts
I t  s h o u ld  he  u n d e rs to o d  a t  th e  o u t s e t  t h a t ,  t h e  low number o f  c a s e s
I
w i th in  g ro u p s  p re v e n te d  a s se s sm e n t o f  th e  s t a t i s t i c a l  s ig n i f i c a n c e  o f  
d i f f e r e n c e s  betw een  g ro u p s .  T h is  i s  a  n a tu r a l  consequence  o f  th e  m ain  
o r i e n t a t i o n  o f  th e  s tu d y ,  w hich  was t o  e x p lo re  a  m ethod o f  s tu d y in g  
i n d iv i d u a l s ,  n o t g ro u p s . Hence g ro u p  com parisons a r e  r e p o r te d  a s  t r e n d s  
r a t h e r  th a n  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s .  Where s t a t i s t i c s  a re  
c i t e d ,  th e  .05  l e v e l  o f  s ig n i f i c a n c e  i s  assum ed.
The i n t e r p r e t a t i o n  o f  s p a c e s  by  s t r e s s  and  in s p e c t io n .  The 
f i n a l  s t r e s s e s  f o r  e a ch  d im e n s io n a l i ty  f o r  a l l  s u b j e c t s '  f i r s t  sp a ce s  
may be found  i n  T ab le  3. The "m ost a p p ro p r ia te "  d im e n s io n a l i ty  d e t e r ­
m ined em ploy ing  s t r e s s  a lo n e  to o k  a c co u n t o f  b o th  th e  m ag n itu d e s  o f
*£ .
t h e  s t r e s s e s  and th e  r a t i o s  o f  s t r e s s e s  i n  a d ja c e n t  d im e n s io n a l i t ie s . ;
* • <
t h a t  i s ,  t h e  r a t e  o f  d e c re a s e  o f  s t r e s s  w i th  th e  d e c re a s e  i n  number o f  
d im en sio n s  was c o n s id e re d  a lo n g  w ith  t h e  a c t u a l  v a lu e s  o f  s t r e s s  ( s e e
S h e p a rd , 1 9 7 2 ). - %
* ,
The d im en sio n s  w'ere' i n t e r p r e t e d  by  in s p e c t in g  th e  p a t t e r n s  formed-
when t h e  s t im u l i  w ere l a i d  o u t  on th e  s u b je c t s '  s p a c e s ,  a s  i n d ic a te d  
i n  C h a p te r  I I .  The r e s u l t s  o f  t h i s  i n t e r p r e t a t i o n  may b e  fo u n d  i n♦
v  • ' \
30
f . -
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’Table 3















5 .37 .09 .00 2
w
a 6 .33 .11 .06 2o13 13 .39 .15 .06 3
WFt 3 .26 .12 .00 3
§ 10 •25 .10 .00 3
11 . 33 .12 .00 3
1 .27 .10 -.04 3
2 - .37 .10 .06 2
4 .34' .13 .00 , ‘ • 3
A 7 .33 .10 .04 2
sao 8 .« • .31 • .10 .00 2M. E-1 9 .31 .14
oo
• 3
C 12 . .36 .13 .05 2
■a 14 .00 .00 • o o 1
15 .17 .00 .02 2
16 .31 .07 .01 2
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T ab le  k .  S ix  d im e n s io n s  a re  d i f f e r e n t i a t e d  i n  t h i s  t a b l e :  d e n s i t y ,  o r  th e  
number o f  s p o ts  on a  c a rd ;  symmetry t o  assym m etry o f  th e  s p o ts ;  l o c a t io n  
o f odd s p o t  ( r i g h t  to  l e f t  o r i e n t a t i o n ) ;  c lu s te r s  by  co m p lem en ta rity  
( e .g .  101 and  0 1 0 ) ; c l u s t e r s  by an to n y m ity  ( e . g .  101 and 0 0 1 ); and 
c lu s te r s  by d e n s i ty  ( e .g .  a l l  c a rd s  w ith  z e ro  o r  one s p o ts  i n  one c lu s ­
t e r ,  an d  a l l  c a rd s  w ith  two o r  m ore i n  a n o th e r ) .  The d e n s i ty  d im en sio n  
has f o u r  p o s s ib l e  l e v e l s ,  sym m etry has  t h r e e ,  a s  does l o c a t i o n ,  and 
th e  re m a in d e r  a r e  b in a r y .  The num ber o f  i n t e r p r e t a b l e  d im en sio n s  was 
em ployed c o n jo in t ly  w ith  th e  m ost a p p r o p r ia te  d im e n s io n a l i ty  d e r iv e d  
v i a  s t r e s s  t o  d e te rm in e  an o v e r a l l  m ost a p p r o p r ia t e  d im e n s io n a l i ty
i.
f o r  each  s u b je c t  ( s e e  T a b le  5)» T h is  done , i t  was found  t h a t  i n d iv i d u a l  
d i f f e r e n c e s  w i th in  g ro u p s  in  te rm s  o f  th e  o p tim a l number o f  d im e n s io n s , 
th e  a c t u a l  c o n te n t  o f  d im e n s io n s , and th e  d e g ree  o f  d i s c r im in a t io n  
em ployed w i th in  t h e  d im ensions a p p e a re d  t o  ex c ee d  d i f f e r e n c e s  b e tw een  
g ro u p s .
Com parison o f  th e  f i n a l  s t r e s s e s  o f  th e  m ost a p p r o p r ia te  dim en­
s i o n a l i t i e s  w i th  K l a h r 's  ( 1969 ) t a b l e  o f s t r e s s e s  f o r  random d a ta  
in d ic a te d  g e n e r a l l y  low p r o b a b i l i t i e s  t h a t  th e  sp a c e s  w ere  p u re  n o is e .
No d i f f e r e n c e s  among th e  th r e e  l e a r n in g  C o n d it io n s  w ere found  c o n ­
c e rn in g  t h e  number o f  d im e n s io n s  c o n ta in e d  in  th e  m ost a p p r o p r ia te  
d im e n s io n a l i ty .
As in d ic a te d  i n  C h a p t e r ' l l ,  th e  s t r e s s e s  on second  s p a c e s  c o u ld  . 
n o t  be  u sed  a s  an  in d e x  o f  t h e  m ost a p p r o p r ia t e  d im e n s io n a l i ty .  They 
a r e  t h e r e f o r e  n o t  r e p o r t e d .  H ow ever, th e  i n t e r p r e t a t i o n  by in s p e c t io n  
p ro c e d u re  was c a r r i e d  o u t f o r  a l l  second  s p a c e s , em ploy ing  th e  c a u s a l
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Table. 4
Interpretation of First Spaces
O n e - S p a c e Tw o-■Space T h r e e - S p a c e
' S u b j e c t  1 1 2 1 2 3
'<
5 - D CD* D CD ? *
w 6 — D CD* D CD ? *
o -
Z 1 3  - D ? * D •p ? *
W
E"i
3 CA D* CA D CA*
O 1 0 CC CC* CC CC S*
. 1 1  - CC CC* CC CC CC*
4
1 s D S D . O
2 D CC* D CC ? *
4 - S CA* S CA D*
.-3
<
7 D CQ* - - -
Z
oH
8 CA CA* CA CA CA*
% 9 CA CA* CA CA CA*FI 1 2  - CA D S D 7
14  S - - - -
1 5 CA D CA D 2
1 6 CD D CD :■ 'D 2
Note.' D density (number of spots}
S symmetry to assymetry 
0 overall right to left orientation 
CC clusters by complementarity 
CA clusters by antonymity 
CD clusters by density 
* tight clustering - bifurcation 
- uninvestigated due to stress 
? uninterpretable
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.1
3b
T ab le  5












i 5 2 2 2w1-3 6 2 2 3oz 13 ■? 3 3
w 3 3 3 3
O 10 3 '■ 3 3
■Pi 11 ^ 3 3 3
1 3 3 3
2 2 2 3
4 3 3 3
S3 7 2 2 3
oH 8 2 2 2
EH
3'
9 3 3 3
12 2 , 2 3
14 1 1 3 w
15 • 2 . 2 3
,
16 2 ' 2 3
cl ' 1 ' * 'See Table 3 for most appropriate dimensionality by stress.
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s t i m u l i ,  a s  d isc u sse d , above. The r e s u l t s  o f  t h i s  p ro c e d u re  may be  . 
fo u n d  i n  T ab le  6 . S in c e  u n i n te r p r e ta b l e  d im en sio n s  u n d e r t h i s  p r o ­
ced u re  may or-m ay n o t have been  e f f e c t  d im e n s io n s , t h e  m ost a p p r o p r ia t e  
' . ( 
d im e n s io n a l i ty  f o r  a l l  s u b je c t s  was s e t  a t  th r e e  d im ensions. (T a b le  5 ) .
The tw o e x c e p tio n s  t o  t h i s ,  s u b je c t s  5 and 8 , r e p l i c a t e d  t h e i r  f i r s t  
sp a c e s  so  p e r f e c t l y  i;th a t i t  was c o n s id e re d  r e a s o n a b le  t o  a c c e p t  t h a t  no 
e f f e c t  d im en sio n s  h ad  in t r u d e d  i n t o  th e  seco n d  s p a c e s .
C om parison o f  t h e  i n t e r p r e t a t i o n s  i n  te rm s  o f  c a u s a l  s t i m u l i  o f  ■ 
th e  f i r s t  and seco n d  sp a c e s  y i e ld e d  t h e  f i r s t  r e s u l t s  germ ane t o  th e  
h y p o th e s e s . Of th e  n o - le a rn in g  g ro u p , o n ly  s u b je c t  5 d u p l ic a te d  h i s1  ̂ 1 i
f i r s t  s p a c e . S u b je c ts  5 and 13 b o th  m a in ta in e d  th e  b i f u r c a t i o n  th e y  
had d e m o n s tra te d  i n  t h e  f i r s t  ap a ce .
* Of th e  r o t e  g ro u p , no s u b je c t  d u p l ic a te d  h i s  f i r s t  s p a c e .  One 
s u b je c t  a lo n e  d e m o n s tra te d  b i f u r c a t i o n  in  th e  seco n d  sp a c e , a l th o u g h  
a l l  had  e x h ib i te d  i t  i n  th e  f i r s t  s p a c e . ,
. F iv e  o f  t h e  r e l a t i o n a l  g ro u p  had  shown b i f u r c a t i o n  i n  th e  f i r s t  
s p a c e , b u t o n ly  s u b je c t  8 c o n tin u e d  t o  do so i n  th e  seco n d  s p a c e . T h is  
s u b je c t  was a l s o  th e  o n ly  one t o  r e p l i c a t e  t h e  d im en sio n s  o f  h i s  f i r s t  
sp a ce  i n  t h e  seco n d  s p a c e .
An o v e r a l l  f in d in g  a c ro s s  second  sp a c e s  o f  g ro u p s was t h a t  
m ore d im en sio n s w ere u n in t e r p r e t a b l e  i n  te rm s  o f  t h e  c a u s a l  d im en sio n s 
u n d er th e  r o t e  and  n o - le a r n in g 'c o n d i t io n s  ( s e e  T a b le  6 ) .  The d im ension  
o f d e n s i ty  was b y  f a r  th e  m ost f r e q u e n t  o f  th e  i d e n t i f i e d  d im en sio n s 
i n  t h e  seco n d  sp a c e s  o f  a i l  s u b je c t s .
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Table 6
Interpretation of Second Spaces via Causal Stimuli
One-Space Two--Space Three-Space
Subj ect 1 1 2 1 2 •N 3
<
wa
5 D C D * D CD 7 *
6  ' D O D 7 7
o
z 1 3 • - CD D * D CD S*
pa -  . 3
— ? C A * • D S C A *
Eh
o 1 0 — CD 0 D 7 7
pa
1 1 - 7 ’ 7 7 7 7
1 * “ 7 7 7 D 7
2 _ D 7 D ' 7 7/
4 - D CA D CA 7




8 -  ■ CA C A * C A CA C A *
Eh
3 9 - D
7 D 7 7
§ 12 — D 7 D 7 7
14 - 7 D 7 7
15 - D CD D CD 7
16 - D 7 D 7 0
-Note. D density (number of spots)
S symmetry to assymetry 
0 overall fight to left orientation 
CC clusters by complementarity 
CA ' clusters by antonymity 
CD clusters by density 
* tight clustering - bifurcation j 
uninvestigated due to stress 
? uninterpretable
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C o r r e l a t i o n a l  r e s u l t s . T ab le  7 p r e s e n t s  th e  c o r r e l a t i o n s
be tw een  f i r s t  and  seco n d  s p a c e s  o f  a l l  s u b j e c t s ,  com puted from  t h e i r
d i s ta n c e  v e c to r s .  A l l  th r e e  c o r r e l a t i o n s  for t h e  n o - le a rn in g  g roup  t
*
w ere fo u n d  t o  be s i g n i f i c a n t ,  tw o  o f  th e  t h r e e  w ere f o r  th e  r o t e  group 
(one o f  t h e s e  b e in g  n e g a t i v e w h i l e  o n ly  t h r e e  o f  t e n  w ere f o r  th e  
r e l a t i o n a l  g ro u p . A l l  o f  th e  c o r r e l a t i o n s  o f  th e  n o - le a rn in g  g roup  
w ere h ig h e r  th a n  th o s e  o f a l l  r o t e  and r e l a t i o n a l  s u b je c ts . ,  w ith  t h e  
e x c e p t io n  o f  s u b je c t  8 in  t h e  r e l a t i o n a l  g ro u p .
T ab le  8 p r e s e n t s  th e  c o r r e l a t i o n  m a tr ix  o f  th e  d i s ta n c e  v e c to r s  
from  s u b j e c t s '  second  sp a ce s  add a l l  s y n th e t i c  s p a c e s . I t  i s  a p p a re n t  
t h a t  th e  ran g e  o f  t h e  c o - e f f i c i e n t s  w i th in  s u b je c t s  i s  s m a l l .  None- ‘ 
t h e l e s s  th e  h ig h e s t  o f  th e s e  c o r r e l a t i o n s  f o r  each ' s u b je c t  was ta k e n  
t o  i n d i c a t e  th e  m ost a p p r o p r ia te  s y n th e t i c  s p a c e ,  and i s  r e p o r te d  i n  
T a b le  7 . Of th e s e  h ig h e s t  c o r r e l a t i o n s ,  a l ^ t h o s e  o f  th e  n o - le a rn in g  
g roup  w ere s i g n i f i c a n t .  None w ere  s i g n i f i c a n t  frcm  th e  r o t e  g ro u p , 
w h ile  sev en  o u t  o f  10 w ere s i g n i f i c a n t  frcm  t h e  r e l a t i o n a l  g ro u p .
F iv e  o f  t h e s e  s i g n i f i c a n t  c o r r e l a t i o n s  f r a n  t h e  r e l a t i o n a l  g roup  w ere 
• h ig h e r  th a n  any  o f  th o s e  o f  n o - le a r n in g  s u b je c t s .
T ab le  7 a l s o  i n d i c a t e s  w h ich  o f  t h e  two c o r r e l a t i o n s ,  t h a t  be tw een  
f i r s t  and seco n d  s p a c e s ,  o r  t h a t  be tw een  second  and s y n th e t i c  s p a c e s ,  
was h ig h e r .  F o r  t h e  n o - le a r n in g  g ro u p , a l l  f i r s t  t o  second  c o r r e l a t ­
io n s  w ere h i g h e r ; . f o r  two o f  t h e  t h r e e  r o t e - l e a r n i n g  s u b j e c t s ,  th e  
same was t r u e ;  w hereas f o r  e ig h t  o f  t h e  10 r e l a t i o n a l  s u b j e c t s ,  th e  
c o r r e l a t i o n  o f  s e c o n d .w ith  s y n th e t i c  s p a c e s  was h ig h e r .





Comparison of Correlations Between First and Second Distance
Vectors and Highest Correlations Between Second and
• ' Most Appropriate Synthetic Distance Vectors
* V
Subject
First - Second 
(a)k*





5 .813* . .561* r (a)
w 6 .696* .591* (a)
o
3 13 .534* .393* (a)
W 3 .407* -.267 (a)
O 10 .124 -.056 (a)
11 -.384* .305 '(b)
1 .080 .2 98 (b)
2 .314 .778* (b)
4 -.004 .726* (b)
•J
< 7 .344* .758* (b)so
H
8 .728* .233 (a)
Eh 9 .474* .674* (b)
§
12 .094 .551* (b)
14 -.024 .831* ^ (b)
15 .205 .149 (a)
16 ..237 .542* ■ (b)
. *p < .05.

















T ab le 8
C o r r e l a t i o n  M a t r i x  o f  S u b j e c t s '  S e c o n d  S p a c e s  w i t h  ■*
A l l  S y n t h e t i c  S p a c e s
•
NOLEARNERS ROTE LEARNERS
S y n th e t ic
Space 5 6 1 3 3 A10
11
A n g l e . 3 5 8 * . 4 0 8 * . 1 7 6  , - . 2 3 1 ->•016 . 1 0 6
D i s p l a c e m e n t . 4 2 2 * . 4 9 8 * . 2 3 6 - . 2 6 5 - . 0 5 6 . 3 0 5
L e n g t h . 4 1 4 * . 3 3 2 * . . 4 4 2 * - . 1 1 0 . 0 4 0 . 1 9 2
A n g l e  & 
D i s p l a c e m e n t . 4 9 5 * . 5 8 9 *
\
. 2 4 5 - . 2 6 7  . - . 0 0 4  ( . 1 4  9
A n g l e  & 
L e n g t h . 4 7 8 * . 4 6 6 * . 3 6 2 * - . 1 9 1 - . 0 4 7 . 054
L e n g t h  & 
D i s p l a c e m e n t , . 5 2 0 * . 5 3 5 * . 3 9 3 * - . 1 8 0 . 0 2 5 . 2 8 0
A n g l e  & 
L e n g t h  & 




















Space 1 . 2 4 7 8 9 12 14 15 16'
Angle .181 .442* .726* .714* .162 .385* .275 .831* .035 .188
Displacement .260 .485* .247 .'401* .208 .573* .438* .446* .149 ' . 3 1 7 *
Length .137 .778* .345* .586* .200 .528* .404* .386* .141 .439*
Angle & 
Displacement .298 .566* ' .577* .673* .204 .596* .424* .754* .106 .376*
Angle &« 
Length , .212 .719* . 649* .758* .202 .550* .439* .732* .115 . 397*
Length & 
Displacement. , .235 ..757* .360* .584* .213 .674 .551* .504* .119 .542*
Angle & 
Length & 
Displacement .267 .736* .566* .723* .233 '.661* .523* .710* .130 .483*
Note. *p < .05.
‘ -indicates highest correlation (absolute^value within subjects)
i -  <3\ "
1
1
i • . *
to
C an o n ic a l c o r r e l a t i o n a l  r e s u l t s .  The c a n o n ic a l  c o r r e l a t i o n  
c o - e f f i c i e n t s  "between f i r s t  and second  sp a c e s  and "between second  and 
s y n th e t ic  sp a c e s  may h e  found in  T a b le  9 .  The number o f  p o s s ib le  
c a n o n ic a l  c o r r e l a t i o n s  betw een  s p a c e s  i s  e q u a l to  th e  d im e n s io n a l i ty  
o f  t h e  l e s s e r  s p a c e . S in c e  d im e n s io n a l i t ie s  o f  v a ry in g  s i z e  w ere 
c o n s id e re d  a p p r o p r ia te  f o r  d i f f e r e n t  s p a c e s ,  th e  number o f  p o s s ib le  
’ c a n o n ic a l  c o r r e l a t i o n s  v a r ie d  from  sp ace  t o  s p a c e . Thus t h e r e  a r e  tw o 
" " c r i te r ia  on w hich  th e s e  c o r r e l a t i o n s  may be com pared: t h e  s ig n i f i c a n c e  
o f  t h e  c o - e f f i c i e n t s ,  and t h e  a c tu a l  number o f  s i g n i f i c a n t  c o r r e l a t i o n s  
o u t  o f  th e  p o s s ib l e  num ber. — -
I n  t h e  com parison  o f  f i r s t  w ith  seco n d  s p a c e s ,  a l l  n o - le a rn in g  
s u b je c t s  a c h ie v e d  a t  l e a s t  one s i g n i f i c a n t  c a n o n ic a l  c o r r e l a t i o n .  F o r 
one o f  t h e  t h r e e ,  a l l  p o s s ib l e  c o r r e l a t i o n s  w ere found  t o  be  s i g n i f i c a n t  
Of th e  r o t e  l e a r n e r s ,  o n ly  one a c h ie v e d  any s i g n i f i c a n t  c o r r e l a t i o n s ,  
tw o o tlt  o f  a  p o s s ib l e  th r e e  b e in g  found  t o  b e  s i g n i f i c a n t  f o r  t h i s  3
s u b je c t .  Of th e  10 r e l a t i o n a l  l e a r n e r s ,  o n ly  fo u r  r e a l i z e d  a  s i g ­
n i f i c a n t  c o r r e l a t i o n ,  and i n  each  c a se  o n ly  one lo u t  o f  a  p o s s ib l e  tw o 
o r  t h r e e  was fo u n d  t o  b e  s i g n i f i c a n t .
• I n  th e  com p ariso n  o f  seco n d  w ith  s y n th e t i c  s p a c e s ,  one n'o- 
rl e a r n in g  s u b je c t  a c h ie v e d  two s i g n i f i c a n t  c o r r e l a t i o n s  out- o f  a  p o s s ib l e  
t h r e e ,  w h i le  none w ere found  f o r  t h e  o th e r  tw o s u b je c t s .  T h is  cons­
t i t u t e d  a  m a jo r  d e c re a s e  from  t h e  f i r s t  t o  t h e  second  c a n p a r is o n .  None 
o f  t h e  r o t e  l e a r n e r s  a c h ie v e d  any s i g n i f i c a n t  c o r r e l a t i o n s ,  w hich
ap p ro x im ated  t h e  r e s u l t s  o f  th e  f i r s t  com parison  f o r  t h i s  g ro u p . Of t h e
<
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T able 9 42
Canonical Correlations Between First and Second 
Spaces, and Between Second Spaces and Most 
Appropriate Synthetics Spaces
S u b j e c t F i r s t -  S e c o n d S e c o n d -  S y n t h e t i c
§ 5 . 9 6 7 * . 9 6 3 * . 5 0 3
< r
w 6 . 9 4 4 * — —— . 9 9 5 * . 9 7 6 *  —
o .
& 13 .9 7 1 * . — —r . 5 5 2 - -
3 . 9 4 4 * . 9 8 7 * — . 4 8 0 —
W-£-< 10 . 6 5 4 * — — . 6 2 9
« O 
. « 11 . 9 4 9 * -  ; — — . 8 5 4
1 . 9 8 9 *
\ — . 9 9 2 * . 8 9 9 *
2 . 8 2 7 — . 9 7 2 *
4 ‘ . 7 7 7 — — . 9 5 9 *
53
7 . 9 5 7 * — . 9 6 3 * —
55
o 8 . 9 5 5 * - ' — . 5 0 7 ' —
H ____
£h 9 . 8 8 9 — — .^995*
►4 12 .7 1 5  - . 9 5 9 * . 8 9 2 *
14 . 3 8 2 < . 9 9 4 *
15 . 9 9 9 *  - . 7 8 0 ^
1 6 ' .5 1 8 — . 9 9 9 * .9 3 1 *
Note. *p < .05.
Non-significant canonical correlations (actual 
value given only if correlation of first canonical 
variates is non-significant).
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10 r e l a t i o n a l  l e a r n e r s . ,  h w e v e r ,  e ig h t  a c h ie v e d  s i g n i f i c a n t  c o r r e l a t i o n s ,  
f o r  sev en  o f  whom th e  maximum number o f  s i g n i f i c a n t  c o r r e l a t i o n s  was 
fo u n d . T h is  c o n s t i t u t e d  a  c o n s id e ra b le  in c r e a s e  i n  v a r ia n c e  a c co u n ted  
f o r  from  th e  f i r s t  co m p ariso n .
F a c to r  m atch ing  r e s u l t s . The s t a t i s t i c  em ployed to  a s s e s s  
g o o d n e s s - o f - f i t  u n d e r t h e  f a c t o r  m atch in g  p r o c e d u r e s ,  T rE ’E /p q , i s  
m o d if ie d  by th e  number o f  e le m e n ts  i n  t h e  r e s i d u a l  m a t r ix ,  as was 
n o te d  i n  C h ap te r I I .  W hile  £ ,  th e  number o f row s o f  t h e  m a t r ix ,  
rem a in e d  c o n s ta n t  f o r  a l l  sp aces  a t  e ig h t  ( p o i n t s ) ,  t h e  lum ber' o f  
colum ns o f  th e  m a t r ix ,  r e p r e s e n t in g  th e  num ber o f  d im ensions o f  th e  
s p a c e s ,  v a r ie d  from  s u b je c t  t o  s u b je c t ,  a s  d e s c r ib e d  above. Hence 
t h i s  s t a t i s t i c  m ust b e  i n t e r p r e t e d  •g a u ^ ip p s ly  when' u se d  f o r  cam -- 
p a r i s o n  a c ro s s  m a tc h in g s  o f  s p a c e s .
Two ap p ro ach es  w ere t h e r e f o r e  em ployed f o r  th e  co m p a riso n s . In  
the., f i r s t ,  t h e  tw o -d im e n s io n a l v e r s io n s  o f  a l l  s u b j e c t s ’ f i r s t  sp aces  
w ere  m atched  t<j t h e i r  r e s p e c t iv e  tw o -d im e n s io n a l second  s p a c e s .  T h is  
p ro c e d u re  a t  l e a s t  e l im in a te d  d i f f e r e n c e s  in  th e  s t a t i s t i c  due t o . t h e  
v a lu e  o f  w h ile  i t  in t r o d u c e d  th e  p rob lem  o f  l e s s  th a n  o p tim a l r e p ­
r e s e n t a t i o n  o f  some o f  t h e  s p a c e s .  T h is  s e t  o f  co m p ariso n s i s  p r e ­
s e n te d  i n  T a b le  1 0 .-  The o n ly  a p p a re n t  t r e n d  i s  t h a t  n o - le a rn in g
‘ *
s u b je c t s  a c h ie v e d  lo w er v a lu e s  o f  T rE 'E /p q ., t h a t  i s ,  b e t t e r  f i t  be tw een  
s p a c e s ,  th a n  d id  r o t e  and r e l a t i o n a l  s u b je c t s  in  g e n e r a l .
The second ap p ro ach  was t o  compare s u b je c t 's  on th e  v a lu e s  o f  
T rE 'E /p q  com puted f o r  t h e i r  m o st a p p r o p r ia te  d im e n s io n a l i t i e s  ( s e e
, ■ .  I
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T ab le 10'
tGoodness-of-fit Between First and Second Spaces and 
Between Second Spaces and Most Appropriate Synthetic 
'Spaces'via Factor Matching (TrE1E/pq)
Subject
First - Second 
in
Two Dimensions
First - Secjdnd^Second - Synthetic 
in in 




5 . 035 .035 .288
6 .254 • .168 •1 2 1
O
S5 13 .125 - .129 ' .305
M .3 .138 .154 .318
Eho 10 .361 .270 .285
Ph
11 .473 .269 .209
1 .159 .191 .163
2 .313 .197 .133
4 .409 .195 .208
i 7 .219 .166 .114'Zo
H




9 .26 6 .229 .142
12 .418 .302 . 1 2 0
14 .452 .320 .167
15 .324 .223 .214
1 6 i  369 .291 .142
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T ab le  1 0 ) . The t r e n d  r e p o r te d  in  t h e  l a s t  p a ra g ra p h  was a l s o  found  
i n  t h i s  s e t  o f  c o m p a riso n s , a lth o u g h  l e s s  d r a m a t ic a l ly .
I n  c a n p a r in g  g o o d n e s s - o f - f i t  o f  seco n d  w ith  s y n th e t i c  sp a c e s  
a c ro s s  s u b je c t s  th e  f i r s t  p ro c e d u re  was d i s c a r d e d ,  s in c e  th e  tw o -sp a c e s  
r e p r e s e n t a t i o n s  o f  fo u r  o f  th e  sev en  s y n th e t i c  sp a ce s ' w ere o b v io u s ly  
b a d ly  d i s t o r t e d .  The r e s u l t s  o f  t h e  se co n d  p ro c e u d re ,  as -sh&wn in  .
T a b le  1 0 , i n d ic a te  a  s l i g h t l y . b e t t e r  f i t  b e tw een  sp a c e s  f o r  r e l a t i o n a l  
s u b je c t s  th a n  f o r  s u b je c t s  In  th e  n o - le a r h in g  and r o t e  g ro u p s .
C lu s te r  a n a ly s i s  r e s u l t s . The r e s u l t s  o f  c l u s t e r  a n a ly s i s  o f  
d i s t a n c e  v e c to r s  a r e  p r e s e n te d  i n  T a b le  1 1 . The c l u s t e r s  fo rm ed  in  th e  
f i r s t  s p a c e s  o f  a l l  s u b je c t s  w ere fo u n d  t o  be  f a i r l y  homogeneous a c ro s s  
g ro u p s . However, d i f f e r e n c e s  w ere found  betw een  g ro u p s  i n  t h e  com parison  
o f  c l u s t e r s  i n  s u b j e c t s ’ second  s p a c e s .  F i r s t ,  i n  th e  sp a c e s  o f  a l l  
s u b je c t s  i n  n o - le a m in g  and r o t e  g ro u p s ,  a l l  p o in t s  w ere e n te r e d  i n t o  
c l u s t e r s  ( th e  d e f i n i t i o n  o f  c l u s t e r s  was g iv e n  i n  C h a p te r l l ) ; w hereas 
i n  t h e  r e l a t i o n a l  g ro u p , th e  sp a c e s  o f  f o u r  s u b je c t s  c o n ta in e d  o n ly  
seven  p o in t s  i n  c l u s t e r ,  and th e  s p a c e s  o f  two c o n ta in e d  o n ly  sat?' 
p o in t s  i n  c l u s t e r .  S e c o n d ly , t h e r e  was a  m a rg in a l  f in d in g  t h a t  th e  
c l u s t e r s  o f  r e l a t i o n a l - l e a r n i n g  s u b je c t s  c o n ta in e d  m ore e le m e n ts ,  
th a n  d id  th o s e  o f  th e  o th e *  g r o u p s . T h i r d ly , t h e  c o n te n t  o f  t h e  
c l u s t e r s  f o r  n o - le a rn in g  and r o t e - l e a r n i n g  s u b je c t s  was m ore s t a b l e  
frcm  t h e  f i r s t  t o  th e . second  s c a l in g  th a n  f o r  r e l a t i o n - l e a r n i n g  
s u b je c t s .  T h is  l a t t e r  r e s u l t  was due in  p a r t  t o  th e  t r e a tm e n t  o f  th e  
ex trem e s t im u l i  (000 and 1 1 1 ) . A l l  s u b je c t s  in  a l l  g ro u p s  te n d e d  to.
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• • Table 11
Comparison of Clusters^ and Stimuli*3 in-Subjects' Spaces 
with Clusters in-Most Appropriate Synthetic Spaces
Subject First Space ' Second Space ‘ Synthetic Space
5 1 , 4 / 0 , 7 / 3 , 6 / 2 , 5  1 , 4 , 2 / 3 , 6 , 5 / 0 , 7  3 , 5 , 6 , 7 / 2 , 4 , 1 , 0
6 3 , 6 , 5 , 7 / 1 , 4 , 2  6 , 7 , 5 / 1 , 2 , 3 / 0 , 4  3 , 5 , 6 , 7 / 2 , 4 , 1 , 0
1 3  2 , 4 / 3 , 5 , 6 / 0 , 7  1 ,  4 / 0 ,  7 / 3 , . 6 / 2 ,  5 3 ,  6 , 5 ,  7 / 1 ,  4 ,  2 ,  0
3 0 , 7 / 1 , 4 / 2 , 5 / 3 , 6 ’
10  0 , 7 / 1 , 6 / 2  , 5 / 3 ,  4
1 1  1 , 4 / 2 , 5 / 0 , 7 / 2 , 6  ■
1 . , . 2 , 5 , 7 / 3 , 6 / 1 , 4
2 1 , 4 ,  2 / 0 ,  7 / 5 - , 6 , 3 /
4 ' 2 , 5 / 3 , 6 / 0 , 7 / 1 , 4
7 3 , 6 ; 7 , 5 / 1 , 4
8 - 2 , 5 / 1 , 4 / 0 , 7 / 3 , 6
9 • 3 , 6 / 1 ; 4 / 2 , 5 / 0 , 7
12  3 , 6 / 2 , 5 / 0 , 7 / 1 , 4
14  1 , 4 / 6 , 3 / 0 , 7 / 2 , 5
1 5  0 , 7(  2 , 5 / 3 ,  6 / 1 ,  4
1 6  3 ^ 6 , 5 / 0 , 7 / 1 , 2 , 4
!    ________
l.,4, 5/3, 6/0 , 7, 2
1,4,2/0,7,3/5, 6








0 , 4 , 1 , 2/ 6 , 7, 3  
0,2,4/3,5,7/1, 6  
2,4,1/5,6/3,7 
4,5/6 /7/2,3/0,1
5 , 6 , 3 , 7 / 1 , 2 , 4 , 0  
3 , 4 , 6 / 5 , 7 , 1 / 0 , 2  
3 , 4 , 6 / 5 , 7 , 1 / 0 , 2
5 , 6 / 3 , 7 / 1 , 2 , 4 , 0  
2 , 5 , 4 / 3 , 6 , 7 / 0 , 1  
1 , 6 , 2 / 3 , 7 , 5 / 0 , 4  
3 , 5 , 6 , ^ 7 7 4 , 2 , 1 , 0  
3 , 5 , 6 , 7 / 2 , 4 , 1 , 0  
3 , 6 , 5 , 7 / 1 , 4 , 2 , 0  
3 , 6 / 5 , 7 / 1 , 4 , 2 , 0  
1 , 6 , 2 / 3 , 7 , 5 / 0 , 4  
3 , 4 , 6 / 5 , 7 , 1 / 0 , 2  
3 , 6 , 5 ,  7 / 1 , . 4 ,  2 , 0
aClusters, are demarcated-by slashes.
Stimuli are represented b y  their base ten- equivalents
c l u s t e r  th e s e  two to g e th e r  i n  th e  f i r s t  s c a l i n g ;  h u t  w h& e a l l  h u t  
one s u b je c t  u n d e r t h e  n o - le a rn in g  and r o t e - l e a r n i n g  c o n d it io n s  c lu s t e r e d  
th e s e  two to g e th e r  in  t h e i r  second  s c a l i n g s ,  o n ly  o n e 's u b je c t  o f  th e  
r e l a t i o n a l  g ro u p  d i d ' s o .
Com parison o f  c l u s t e r s  i n  s y n th e t ic  and seco n d  sp aces  y i e ld e d  ho 
c o n s i s t e n t  m atch in g  be tw een  th e  two f o r  a l l  s u b je c t s  o f  any g ro u p , , 
a lth o u g h  fo u r  , o f  t h e  r e l a t i o n a l  s u b je c t s  d e m o n s tra te d  f a i r  to ' good 
m a tc h in g .
I n t e r p r e t a t i o n  o f  d im en sio n s v ia  d e r iv e d  r e f e r e n c e  a x e s .  The 
one f in d ip g  from  t h i s  a n a ly s i s  r e l e v a n t  t o  in te r g ro u p  d i f f e r e n c e s  w a s • 
t h a t  th e  i d e n t i t y  o f  none o f  th e  d im en sio n s  c o u ld  be  deduced from  th e  
sp a c e s  o f  n o - le a r n in g  and  r o t e - l e a r n i n g  s u b j e c t s ,  w h ereas  th e  p ro c e d u re  
was found t o  b e - a p p l ic a b le  i n  th e  sp a c e s  o f  s ix  r e l a t i o n a l  s u b je c t s  
( s e e  T ab le  1 2 ) .  The m ost f r e q u e n t  r e a s o n  f o r  n o n - a p p l i c a b i l i t y  o f  th e  
m ethod  was v e ry  t i g h t  c lu s t e r i n g  o f  t h e  ex tre m e  s t im u l i  and co n seq u e n t 
s p a t i a l  d i s t i n c t i o n  o f  th e s e  p o in t s  from  a l l  o t h e r s ,  c a u s in g  a l l  o th e r  
- p o in t s  t o  l i e  on one s id e  o f  t h e  a x is  be tw een  t h e  ex trem e  p o i n t s ,  and 
c a u s in g  th e  a x is  t o  be to o  s h o r t  f o r  r e l i a b l e  i n t e r p r e t a t i o n  o f  i t s  
o r i e n t a t i o n .
I n d iv id u a l  R e s u l ts
S in ce  one o f  th e  p u rp o se s  o f  t h i s  p a p e r  was to  a tte m p t t o  a s s e s s  
t h e  d e g re e  o f  c o m p le x ity  d e m o n s tra te d  b y  i n d iv i d u a l s  in  an o rd e re d  
e n v iro n m e n t, t h e  p e rfo rm a n c e  o f  members o f  th e  r e l a t i o n a l  g roup  a re  
..of im p o rta n c e  i n d iv i d u a l l y .  However, s in c e  s u b je c t s  o f  th e  n o - le a r n in g
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T ab le 12
Comparison of Order Along Dimensions Derived from 
Subjects Second Spaces via Superscription of Reference 
Axes with Dimensions Derived from Synthetic Spaces3,
. Identity of Space , Order of Stimuli
Subject.One ' 4,6,5,1,3,2
Angle of' Displacement 4,5,6,1,2,3




Subject Twelve ' 2,6,3,4,1,5
Length and Displacement ' 2,3,6,4,1,5
Subject Fourteen 0,4,2,1,6,5,3,7
Angle 0,4,2,1,6,5,3,7
Subject Sixteen 3, 2, 6,1 -,A ,’5
Length and Displacement 2,3,6,4,1,5
aStimuli are represented by their base ten equivalents.
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and r o t e - l e a r n i n g  g roups d id  n o t e x p e r ie n c e  an  o rd e re d  e n v iro n m en t, 
b u t  no env ironm en t and a randan, en v ironm en t r e s p e c t i v e l y ,  t h e i r  
p e rfo rm a n c es  a re  o f  i n t e r e s t  o n ly  c o l l e c t i v e l y ,  a s  c o n t r o l  g ro u p s  f o r  
t h e  r e l a t i o n a l  l e a r n e r s .  Hence o n ly  r e s u l t s  f o r  in d iv id u a l s  o f  t h e  . 
r e l a t i o n a l  g roup  a re  r e p o r te d  b e lo w . T hese r e s u l t s  a r e  r e p o r te d  in  
summary. T a b le s  3 t o  12 c o n ta in  in  d e t a i l  th e  s t a t i s t i c s  r e f e r r e d  t o  
b e lo w . A gain  th e  .05  l e v e l  o f  s ig n i f i c a n c e  i s  assum ed f o r  a l l  e f f e c t s .
S u b je c t  1 . The second  sp ace  o f  t h i s  s u b je c t  was r a d i c a l l y  d i f ­
f e r e n t  from th e  f i r s t .  T h ree  d im en sio n s  o f  th e  f i r s t  sp ace  w ere 
c a u s a l ly  i n t e r p r e t a b l e ,  b u t  o n ly  one from  t h e  second  sp ace  w as. W hile 
th e  c o r r e l a t i o n  o f  d i s t a n c e  v e c to r s  be tw een  th e s e  sp aces  was n o n -  , 
s i g n i f i c a n t ,  one o f  t h r e e  p o s s ib l e  c a n o n ic a l  c o r r e l a t i o n s  was s i g ­
n i f i c a n t  ( . 9 8 9 )  and f a c t o r  m a tch in g  in d i c a t e d - a  good f i t .  C lu s te r s  
i n  t h e  d i s t a n c e  v e c to r  changed  i n  c o n te n t  from  th e  f i r s t  to  seco n d  
s p a c e .
The h ig h e s t  c o r r e l a t i o n  be tw een  t h i s  s u b j e c t 's  second  and 
s y n th e t ic  d i s t a n c e  v e c to r s  was n o n - s i g n i f i c a n t .  H ow ever, b o th  p o s s ib l e  
c a n o n ic a l  c o r r e l a t i o n s  w ith  th e  s y n th e t ic  sp ace  w ere s i g n i f i c a n t  ( . 9 2 2  
and  . 8 9 9 ) j  an(i  f a c t o r  m a tc h in g  in d ic a te d  a s  good a  f i t  a s  was found  
betw een  f i r s t  and second  s p a c e s .  C lu s te r s  o f  t h e  seco n d  sp ace  d id  n o t 
m atch  c l u s t e r s  o f  th e  a p p r o p r ia t e  s y n th e t i c  s p a c e . The d im en sio n s  o f  
t h e  a p p r o p r ia t e  .s y n th e t ic  sp a c e  w ere q u e s t io n a b ly  r e c o v e r a b le  th ro u g h  
t h e  s u p e r s c r i p t io n  o f  d e r iv e d  r e f e r e n c e  a x e s .  - -
S u b je c t  2 . The d im en sio n s  i n t e r p r e t a b l e  a s  c h a r a c t e r i s t i c  o f  t h e
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c a u s a l  s t im u l i  s h i f t e d  c o n s id e ra b ly  from t h e  f i r s t  t o  th e  seco n d  space .* . 
two b i f u r c a t e d  d im en sio n s  b e in g  re c o v e re d  frcm  t h e  f i r s t  and one 
c o n tin u o u s  d im en sio n  from  th e  s e c o n d . C o r r e la t io n  o f  d i s t a n c e  v e c to r s  
and c a n o n ic a l  c o r r e l a t i o n  y ie ld e d  n o n - s i g n i f i c a n t  r e s u l t s ,  an d  f a c t o r  
m atch in g  in d ic a te d  a  c o m p a ra tiv e ly  p o o r f i t  b e tw een  th e  tw o s p a c e s . 
C lu s te r s  i n  t h e  two d is ta n c e  v e c to r s  w ere r a d i c a l l y  d i f f e r e n t .
Very h ig h  c o r r e l a t i o n s  -v)ere found  betw een  th e  seco n d  sp a c e  and  
a l l  s y n th e t ic  s p a c e s ,  t h e  h ig h e s t  b e in g  .7 7 8 . The o n ly  p o s s ib l e  canon­
i c a l  c o r r e l a t i o n  w ith  th e  o p t im a l  s y n th e t i c  sp a c e  was s i g n i f i c a n t  
( . 97 2 ) ,  u n l ik e  th e  c o r r e l a t i o n s  b e tw een  th e  f i r s t  and  seco n d  s p a c e s .  
F a c to r  m a tc h in g  i n d i c a t e d  a  good f i t  be tw een  th e s e  s p a c e s ,  b e t t e r  th a n  
betw een  th e  f i r s t  and se co n d . C om parison o f  c l u s t e r s  showed re a s o n a b le  
s i m i l a r i t y  be tw een  s y n th e t i c  and  seco n d  d i s t a n c e  v e c to r s .  The e f f e c t '  
d im en sio n  o f  l e n g th  em erged q u i te  c l e a r l y  on th e  d e r iv e d  a x e s .
S u b je c t  A p p ro x im a te ly  z e ro  c o r r e l a t i o n  was founds,betw een th e  
f i r s t  and se co n d  d i s t a n c e  v e c to r s .  I n t e r p r e t a t i o n  o f  c a u s a l  d im ensions 
d is c o v e re d  t h a t  t h e s e  w ere b i f u r c a t e d  in  th e  f i r s t  s p a c e ,  b u t  n o t i n  
t h e  se co n d , and  t h a t  th e  i d e n t i t y  o f  t h e  s t r o n g e s t  ( f i r s t )  f a c t o r  
had  changed  frcm  sym m etry in  t h e  f i r s t  t o  d e n s i ty  in  th e  se co n d . No 
s i g n i f i c a n t  c a n o n ic a l  c o r r e l a t i o n  was fo u n d , and  f a c t o r  m a tch in g  
in d ic a te d  a  p o o r f i t ,  a s  d id  c l u s t e r  a n a ly s i s .
The c o r r e l a t i o n  be tw een  th e  seco n d  and s y n th e t i c  s p a c e s  was 
! ° . •
h ig h  ( . 78 7 ) , .  and t h e  s o le  p o s s ib l e  c a n o n ic a l  c o r r e l a t i o n  was s i g n i ­
f i c a n t  ( . 9 5 9 ) .  F a c to r  m a tc h in g  i n d ic a te d  a  m o d era te  f i t .  C lu s te r s  
i n  th e  second  d i s t a n c e  v e c to r  w ere a  m o d era te  m atch  t o  c l u s t e r s  i n
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th e  o p t im a l  s y n th e t i c  v e c to r .  The d im ension  o f  a n g le  was c l e a r l y  
i d e n t i f i a b l e  by s u p e r s c r i p t io n  o f  r e f e r e n c e  a x e s .
S u b je c t  7 . W hile d im en sio n s o f  th e  f i r s t  sp a c e  w ere r e a d i ly  
i d e n t i f i e d  and found  tO' be b i f u r c a t e d ,  th o s e  o f  th e  seco n d  sp ace  
w ere n o t .  A low b u t s i g n i f i c a n t  c o r r e l a t i o n  was found betw een  th e  
v e c to r s  ( . 3 M ) ,  b u t  n e i t h e r  o f  t h e - p o s s ib l e  c a n o n ic a l  c o r r e la t io n s  
was s i g n i f i c a n t ,  and f a c t o r  m a tch in g  in d ic a te d  a  m o d era te  m atch . 
C l u s t e r s 'o f  t h e  two v e c to r s  d i f f e r e d  r a d i c a l l y  i n  c o n te n t ,  number 
and number o f  com ponents.
. L ik e  s u b je c t  b ,  t h i s  s u b je c t  a c h ie v e d  h ig h e s t  c o r r e l a t i o n s  betw een  
h i s  second  sp a ce  and th e  s y n th e t ic  s p a c e s  o f  a n g le ,  a n g le  and  d i s ­
p la c e m e n t, and a n g le  and l e n g th ,  th e  i a t t e r .  h a v in g  t h e  l a r g e s t  co ­
e f f i c i e n t  ( . 7 5 8 ) .  One o f  tw o p o s s ib l e  c a n o n ic a l  c o r r e l a t i o n s  w ith  t h i s  
sp ace  was s i g n i f i c a n t  ( . 9 6 3 ) ,  w h ile  th e  f a c t o r  m atch in g  p ro c e d u re  
in d ic a te d  a  good f i t .  C lu s te r s  o f  t h e  second  v e c to r  w ere l e s s  w e l l  
m atched  w ith  c l u s t e r s  o f  th e  s y n th e t i c  v e c to r  th a n  were c l u s t e r s  o f  
th e  f i r s t  w i th  th o s e  o f  t h e  s y n th e t i c  v e c to r .  No d im e n sio n s  w ere 
i d e n t i f i a b l e  th ro u g h  i n t e r p r e t a t i o n  o f  t h e  d e r iv e d  r e f e r e n c e  a x e s .
S u b je c t  8 . F i r s t  and second  sp a c e s  o f  t h i s  s u b je c t  w ere n e a r ly  
i d e n t i c a l .  B oth em ployed c l u s t e r i n g  by  a n to n y m ity  to  c r e a t e  a l l  dim­
e n s io n s ,  and  hence  th e  d im en sio n s  o f  b o th  sp a c e s  w ere b i f u r c a t e d ;  The 
c o r r e l a t i o n  be tw een  th e  d i s t a n c e  v e c to r s  was v e ry  h ig h  ( . J 2 8 ) .  One o f  . 
th e  two p o s s ib l e  c a n o n ic a l  c o r r e l a t i o n s  was s i g n i f i c a n t  ( . 955)*
F a c to r  m a tc h in g  i n d ic a te d  a  m o d e ra te ly  p o o r  f i t .  C lu s te r s  in  th e  tw o
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d is ta n c e  v e c to r s  w ere n e a r ly  i d e n t i c a l .
The h ig h e s t  c o r r e l a t i o n  betw een second  and any s y n th e t ic  sp ace  
was n o t s i g n i f i c a n t ,  n o r  was e i t h e r  o f  th e  p o s s ib l e  c a n o n ic a l ' c o r r e l ­
a t i o n s .  F a c to r  m a tc h in g  in d ic a te d  a  b ad  f i t  b e tw een  th e  two s p a c e s . 
C lu s te r  a n a ly s i s  of" t h e  two v e c to r s  y ie ld e d  q u i t e  d i f f e r e n t  c l u s t e r s ,  
and th e  sp ace  was u n in te r p r e ta b l e  in  te rm s  o f  d e r iv e d  r e f e r e n c e  a x e s .
S u b je c t  9 . I d e n t i f i c a t i o n 'o f  c a u s a l  d im en sio n s  in  t h e  f i r s t  
and second  sp a ce s  i n d ic a te d  a  s h i f t  b e tw een  th e  s p a c e s ,  t h e  f i r s t  
c o n ta in in g  o n ly  b i f u r c a t e d  d im e n s io n s , and th e  seco n d  o n ly  one c o n t­
in u o u s  d im en sio n . The c o r r e l a t i o n  o f  d i s t a n c e  v e c to r s  was low b u t  
s i g n i f i c a n t  (.**7*0. None o f  th e  t h r e e  p o s s ib l e  c a n o n ic a l  c o r r e l a t i o n s  
was s i g n i f i c a n t ,  and f a c t o r  m atch ing  i n d i c a t e d  a  m o d e ra te ly  p o o r f i t .  
C lu s te r s  d e v e lo p e d  from  th e  two v e c to r s  w ere m o d e ra te ly  d i s s i m i l a r .
s ’
H ig h e s t c o r r e l a t i o n s  w ith  s y n th e t i c  sp ace  w ere found f o r  th o s e
*
s y n th e t ic  sp aces  c o n ta in in g  d is p la c e m e n t. The h ig h e s t  su ch  c o r r e l a - y 
t i o n  was m o d e ra te ly  h ig h  ( .6 7 * 0 . One o f  t h e  two p o s s ib le  c a n o n ic a l  
c o r r e l a t i o n s  was s i g n i f i c a n t  ( . 9 9 5 ) ;  f a c t o r  m a tc h in g  in d ic a te d  a 
•m o d era te ly  good f i t .  C lu s te r  a n a ly s i s  o f  th e  two d is ta n c e  v e c to r s  
y ie ld e d  a lm o s t i d e n t i c a l  p a t t e r n s . However, no  e f f e c t  d im ensions 
an e rg e d  u n d e r s u p e r s c r ip t io n  o f  r e f e r e n c e  a x e s .  /
S u b je c t  1 2 . The f i r s t  and  seco n d  sp a c e s  o f  t h i s  s u b je c t  d i f f e r e d  
somewhat u n d e r c a u s a l  i n t e r p r e t a t i o n ,  th e  seco n d  b e in g  found  t o  c o n ta in  
o n ly  one o f  th e  two d im e n s io n s  d is c o v e re d  i n  t h e  f i r s t .  The c o r r e l a t i o n  
o f  d i s t a n c e  v e c to r s  o f  t h e s e .s p a c e s  was n o t s i g n i f i c a n t ,  n o r  was e i t h e r
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o f  t h e  c a n o n ic a l  c o r r e l a t i o n s .  F a c to r  m atch in g  in d i c a t e d  a  v e ry  p o o £ ; 
f i t  "between th e  s p a c e s . C lu s te r  a n a ly s i s  d e v e lo p e d  c l u s t e r s  d i f f e r e n t  
in  c o n te n t ,  num ber, an d  num ber o f  e le m e n ts .
A m o d e ra te ly  h ig h  c o r r e l a t i o n  was found  be tw een  th e  second  space  
" and  th e  s y n th e t ic  sp ace  o f  l e n g th  and d isp la c e m e n t ( . 5 5 1 ) .  Both - 
p o s s ib le  c a n o n ic a l  c o r r e l a t i o n s  w ere s i g n i f i c a n t  ( .9 5 9 ,  .8 9 2 ) ,  and 
fa c to r^ m a tc h in g  in d ic a te d  a  good f i t  be tw een  th e  s p a c e s . The c l u s t e r s  
d e v e lo p e d  from th e  d i s ta n c e  v e c to r s  w ere n e a r ly  i d e n t i c a l .  S u p e r s c r ip ­
t i o n  o f  r e f e r e n c e  ax es  y ie ld e d  th e  same s y n th e t i c  d im en sio n s  o f  le n g th  
and  d is p la c e m e n t. ' :
S u b je c t  1*1. The f i r s t  s p a c e .o f  t h i s  s u b je c t  c o n ta in e d  o n ly  th e  
c a u s a l  d im ension  o f  sym m etry, w h i le  the.' seco n d  sp a c e  c o n ta in e d  d e n s i ty  
a s  i t s  o n ly  c a u s a l  d im e n s io n . The c o r r e l a t i o n  be tw een  th e s e  sp aces  was 
e s s e n t i a l l y  z e ro ,  th e  one c a n o n ic a l  c o r r e l a t i o n  was th e  lo w e s t  found
f o r  any  s u b je c t ,  and th e  f a c t o r  m atching , s t a t i s t i c ,  a t  i n d ic a te d
/
t h e  w o rs t  f i t  b e tw een  sp a c e s  o f  any o f  th e  r e l a t i o n a l  g ro u p . T here  was 
no s i m i l a r i t y  be tw een  c l u s t e r s  d e v e lo p ed .
The c o r r e l a t i o n  b e tw een  seco n d  and s y n th e t i c  s p a c e s  was h ig h e r  
f o r  t h i s  s u b je c t  th a n  f o r  a n y -io th e r a t  .8 3 1 . The s i n g l e  c a n o n ic a l  
c o r r e l a t i o n  was s i g n i f i c a n t  ( .9 9 * 0 , and  f a c t o r  m a tc h in g  in d ic a te d  a  
m o d e ra te ly  good f i t  b e tw een  s p a c e s .  C lu s te r  a n a ly s i s  r e v e a le d  v e ry  l i t t l e  
d i f f e r e n c e  be tw een  t h e  c l u s t e r s  o f  th e  two v e c to r s .  S u p e r s c r ip t io n  o f  
d e r iv e d  r e f e r e n c e  axes d e m o n s tra te d  a lm o s t p e r f e c t  r e p r o d u c t io n  o f  th e  
s y n th e t i c  "'dim ension o f  a n g le  i n  t h e  s u b j e c t 's  seco n d  s p a c e .
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S u b je c t  1 5 . I n t e r p r e t a t i o n  o f  t h e  c a u s a l  d im en sio n s r e v e a le d  
t h a t  th e  two c a u s a l  d im en sio n s  p r e s e n t  i n  th e  f i r s t  sp a c e ,w e re  a l s o  
p r e s e n t  i n  th e  s e c o n d . A lthough  th e  c o r r e l a t i o n  b e tw een  th e  two sp a c e s
a I
was n o t s i g n i f i c a n t ,  one o f  th e  tw o c a n o n ic a l  c o r r e l a t i o n s  was ( . 9 9 9 ) .  
F a c to r  m a tc h in g  in d ic a te d  a  bad  f i t  b e tw een  t h e  s p a c e s ,  and c l u s t e r  
■ analysis  showed t h a t  c lu s t e r i n g  had  changed c o n s id e r a b ly  i n  c o n te n t .
H ow ever, a s  i n  t h e  c a se  o f  s u b je c t  8 , th e  c o r r e l a t i o n  betw een  
second  and o p tim a l  s y n th e t i c  sp a ce s  was lo w er th a n  t h a t  be tw een  th e  
f i r s t  and seco n d  s p a c e s ,  and n o t  s i g n i f i c a n t .  The s o le  c a n o n ic a l  c o r r ­
e l a t i o n  was n o t s i g n i f i c a n t .  F a c to r  m a tc h in g  in d ic a te d  a  m o d e ra te ly  
b a d  f i t  b e tw een  th e  s p a c e s ,  and  th e  c l u s t e r s  o f  t h e  tw o s p a c e s  w ere 
found  t o  b e  as unli'lce a s  th o s e  o f  t h e  f i r s t  and seco n d  s p a c e s .  No 
e f f e c t  d im en sio n s  w ere r e c o v e re d  th ro u g h  s u p e r s c r ip t io n ,  o f  r e f e r e n c e  
a x e s .
S u b je c t  i f i . C au sa l i n t e r p r e t a t i o n  o f  sp a c e s  showed t h e  f i r s t  and 
second  sp a c e s  t o  b e  somewhat d i f f e r e n t ,  one o f th e  two d im en sio n s  o f  
t h e  f i r s t  s p a c e  b e in g  a b s e n t  i n  t h e  se c o n d . The c o r r e l a t i o n  o f  th e  
two d i s t a n c e  v e c to r s  was n o t  s i g n i f i c a n t ,  n o r  w ere e i t h e r  o f  th e  
c a n o n ic a l  c o r r e l a t i o n s .  F a c to r  m a tc h in g  in d ic a te d  a  r e l a t i v e l y  b a d  
f i t  b e tw e en  th e  s p a c e s .  The c l u s t e r s  d e v e lo p e d  frcm  t h e  tw o v e c to r s  
w ere e n t i r e l y  d i f f e r e n t .
The c o r r e l a t i o n  o f  seco n d  and  s y n th e t i c  d i s ta n c e  v e c to r s  was 
s i g n i f i c a n t  ( . 5 ^ 2 ) ,  a s  w ere b o th  c a n o n ic a l  c o r r e l a t i o n s  ( .9 9 9 ,  .9 3 1 ) .  
F a c to r  m a tc h in g  i n d ic a te d  a  f a i r l y  good m atch  b e tw een  s p a c e s , a lth o u g h  
t h e  c l u s t e r s  d e v e lo p e d  from  th e  v e c to r s  d e m o n s tra te d  o n ly  m o d era te
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d i s s i m i l a r i t y .  The .s y n th e t ic  d im en sio n s o f  l e n g th  and d isp la c e m e n t . 
w ere q u e s t io n a b ly  re c o v e re d  th ro u g h  s u p e r s c r ip t io n  o f  d e r iv e d  r e f ­
e re n c e  a x e s . i
In  s'ummary, t h e r e  v e re  th r e e  m a jo r  f in d in g s ,  F i r s t ,  t h e  sp a ce s  
\
o f n o - le a rn in g  s u b je c t s  w ere th e  m ost s t a b l e  frcm  f i r s t  t o  second  
s c a l i n g ,  th o s e  o f  r o t e  s u b je c t s  showed g r e a t e r  n o n - c o n s i s te n t  ch an g e , 
w h ile  th o s e  o f  r e l a t i o n a l  s u b je c t s  showed th e  g r e a t e s t  c o n s is t e n t  
change. The seco n d  m a jo r  f in d in g  was t h a t  o n ly  th e  seco n d  sp a c e s  o f  
some r e l a t i o n a l  s u b je c t s  w ere i n t e r p r e t a b l e  in  te rm s o f  th e  t r a n s ­
m i t te d  d im e n s io n s . T h i r d ly ,  th e  c o n c e p tu a l iz a t io n s  em ployed t y  
r e l a t i o n a l  s u b je c t s  w ere s u f f i c i e n t l y  w e l l  s p e c i f i a b l e  t h a t  some 
in f e r e n c e s  r e g a rd in g  th e  c o m p a ra tiv e  c o m p le x ity  o f  t h e i r  p e rfo rm a n c es  
w ere p o s s ib l e .  T hese  in f e r e n c e s  a r e  drawn i n  C h ap te r IV.
■<
» .




I m p lic a t io n s  o f  t h e  Group R e s u l ts
C lu s te r  ^ h a l y s i s  and i n t e r p r e t a t i o n  by s t r e s s  and in sp e c tio n *  o f
v  -  *  "f i r s t  sp aces  d o n o n s tr a te d  hom ogeneity  o f  c o n c e p tu a l iz a t io n  o f  t h e
s t im u l i  a c ro s s  g ro u p s  b e fo r e  e x p e r im e n ta l  m a n ip u la t io n  o f  th e  e n v i r -
■'  *  ,  *
onm ent. '  The c o r r e l a t i o n a l  e v id e n c e  s u g g e s te d  t h a t  w h ile  members o f
th e  n o - le a r n in g  g ro u p  d id  a l t e r  t h e i r  c o n c e p tu a l iz a t io n s  o f  t h e  s t im u l i
somewhat be tw een  s c a l i n g s ,  th e y  d id  so  l e s s  th a n  r o t e - l e a r n e r s  and
r e l a t i o n - l e a r n e r s . M o reo v er, t h e  d e g re e  o f  r e l a t i o n s h i p  .betw een f i r s t
and f i r ^ a l  c o n c e p tu a l i z a t io n s  o f  r o t e  s u b je c t s  was gg T te raU y - 'in ^h e r '
th a n  t h a t  found  f o r  r e l a t i o n a l  s u b je c t s .  T h is  c o n c lu s io n  was: sup-.
i  %
p o r ts !  by t h e  c a n o n ic a l  c o r r e l a t i o n a l  e v id e n c e  and l e s s  d x ro n g ly  by  
th e  f a c t o r  m a tc h in g  E v id e n ce . T o -g e th e r  th e s e  a n a ly s e s  p ro v id e d
y r
A  S u p p o r t  f o r  th e  f i r s t  h y p o th e s is  o f  t h e  s tu d y ,  j <~'~
j
, A l l  o f  th e  a n a ly s e s , b u t  e s p e c i a l l y  c l u s t e r  a n a ly s i s  and th e  t
i n t e r p r e t a t i o n  o f  seco n d  sp aces  th ro u g h  d e r iv e d  r e f e r e n c e  a x e s ,  i n ­
d ic a te d  t h a t  o n ly  th e  seco n d  sp a c e s  o f  some r e l a t i o n a l  s u b je c t s  c o n -
/
, t a i n e d  e f f e c t  d im e n s io n s ; thdw  f in d in g  p ro v id e d  s u p p o rt  f o r  t h e  second  
h y p o th e s i s .  4
A ssessm en t o f  th e  C om plex ity  D is p la y e d  b y  R e l a t i o n a l  S u b je c ts
* *In  t h i s  s e c t i  yteinpt was made t o  c a te g o r iz e  th e  c o m p le x ity
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' d is p la y e d  by r e l a t i o n a l  s u b je c t s  in  te rm s  o f  th e  c o n c e p tu a l  co m p lex ity  
th e o ry  o f  S ch ro d er e£  a l  (1 9 6 7 ) . As d is c u s s e d  a b o v e , u n id im en sio n a l*  
s t r u c t u r e s  a r e  c o n s id e re d  o f  low  c o m p le x ity  i n  t h i s  f o rm u la t io n ,  m u l t i -  
d im e n s io n a l u n in te g r a t e d  s t r u c t u r e s  m o d era te  i n  c o m p le x ity , and m u l t i -  • 
d im e n s io n a l i n t e g r a t e d  s t r u c tu r e s -  a r e  c o n s id e re d  com plex. The judgm ent 
o f  i n t e g r a t i o n  v e rs u s  no i n t e g r a t i o n  f o r  th e  fo llo w in g  was b a s e d  m a in ly  
on t h e  c o m p ara tiv e  m a g n itu d e s  o f  th e  c o r r e l a t i o n s  o f  th d  in d iv id u a l  
s y n th e t ic  d im en sio n s  w ith  th e  s u b j e c t 's  .second  sp a c e  (se e  T a b le  8 ) ,  and  
e n - 'th e  c o m p ara tiv e  c l a r i t y  o f  th e  i d e n t i f i c a t i o n  o f  th e  e f f e c t
; T V  -
d im en sio n s  i n  t h e  s u b j e c t 's  se co n d  sp a c e . . 1
S u b je c t  1 . W hile i 't"  c o u ld  n o t  be  unam biguously  .d e te rm in e d  t h a t  
t h i s  s u b je c t  was c o n c e p tu a l iz in g  th e  s t im u l i  i n  te rm s  o f  th e  l i k e l i e s t  , 
i d e n t i f i e d  e f f e c t  d im e n s io n s , i t  was p ro b a b le  t h a t  th e  c o n c e p tu a l  
s t r u c t u r e  was g r e a t l y  a l t e r e d .  I t  a p p e a re d  m ost j> ro b a b le  t h a t  t h i s  
s u b je c t  was a t t e n d in g  and  i n t e g r a t i n g  th e  e f f e c t  d im ensions o f  a n g le  
a n d ^ d is p la c e m e n t , .b u t  t h a t  t h i s  s t r u c t u r e . was d i s t o r t e d , 'p o s s i b l y  due 
t o  a  co m b in a tio n  o f  c o m p e t i t iv e  ' i n t r u s i o n  o f  c a u s a l  d im en sio n s  and i 
- e r ro r  in  lo q a t in g  some o f  t h e  p o in ts  on th e  a t te n d e d  d im e n s io n s . T h is  
p e rfo rm an ce  was ju d g e d  t o  b e  o f  a  h ig h  o r d e r  o f  c o m p le x ity , s in c e  tw o 
d im en sio n s w ere a t te n d e d  and  i n t e g r a t e d ;  how ever, c o n s id e r a b le  un­
c e r t a i n t y  a t t a c h e d  t o  t h i s  judgm en t.
S u b je c t  2 . T h is  s u b je c t  c l e a r l y  c o n c e p tu a l iz e d  th e  s t im u l i  on 
o n ly  t h e  e f f e c t  d im en sio n  o f  l e n g th  i n  th e  seco n d  s c a l i n g .  T h is  
1 u n in te g r a te d , 'U n id im e n s io n a l  p r o c e s s in g  c o rre sp o n d e d  t o  a  low  l e v e l
- ‘ •' .v
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o f  c o n c e p tu a l  c o m p le x ity .
S u b je c t  3 . The c o n c e p tu a l  sp a c e  o f  t h i s  s u b je c t  was a ls o  c l e a r l y  
i d e n t i f i e d  in  th e  second  s c a l i n g .  The s in g l e  d im en sio n  o f  a n g le  was 
em ployed t o - l o c a t e  th e  p o i n t s ,  c o rre sp o n d in g  t o  a  lo w -co m p lex ity  
s t r u c t u r e .
S u b je c t  7 . _T here  was sbnie i n d ic a t i o n  t h a t  th e  c o n c e p tu a l  
s t r u c t u r e  o f  t h i s  s u b je c t  em ployed p re d o m in a n tly  a n g le  b u t  p e rh a p s  
a l s o  le h g th  in  lo c a t in g  t h e  s t im u lu s  p o i n t s .  The b e s t  c a te g o r i z a t i o n  
o f  t h i s  p e rfo rm an ce  was m o d e ra te  l e v e l  o f  c o n c e p tu a l  c o m p le x ity , b u t  
due t o  th e  i l l - d e f i n i t i o n  o f  t h e  s p a c e \ th i s  judgm ent was u n c e r t a i n .
S u b je c t  8 . T h is  s u b je c t  quf^te c le ^ r ly ^ f g i le d - ^ to  em ploy any o f  th e  
e f f e c t  dimen s io n s i n  c o n c e p tu a l iz in g  th e  s t i m u l i .  No c o m p le x ity  was 
in d ic a te d  i n  te rm s  o f  t h e  c o n c e p t t o  be le a r n e d .
S iu& ect 9 . The b e s t  i n d i c a t i o n  was t h a t  t h i s  s u b j e c t 's  conc­
e p tu a l  s t r u c t u r e  o rg a n iz e d  th e  s t im u l i  th ro u g h  t h e  d im e n s io n s .o f  le n g th  
and d is p la c e m e n t,  c o rre s p o n d in g  t o  h ig h  c o n c e p tu a l  c o m p le x ity . A g a in , 
how ever, t h i s  c o n c lu s io n  i s  q u a l i f i e d  b y  u n c e r t a i n t y .
S u b je c t  12 . A l l  o f  t h e  a n a ly s e s  and s t r a t e g i e s  o f  d im e n s io n a l 
i d e n t i f i c a t i o n  i n d ic a te d  t h a t  t h i s  s u b je c t  a t t e n d e d  and in te g r a t e d  
th e  e f f e c t  d im e n sio n s  o f  l e n g th  and d is p la c e m e n t. I t  can b e  con c lu d ed  
w ith  c e r t a i n t y  t h a t  th e  p r o c e s s in g  c o n d u c te d  by  t h i s  s t r u c t u r e  was o f
i
h ig h  c o n c e p tu a l  c o m p le x ity .
- S u b je c t  l i t .  Low c o m p le x ity  was a p p a re n t  i n  t h i s  s u b j e c t 's  co n - 
' c e p tu a l  sp a c e . The s in g l e  d im en sio n  o f  a n g le  was c l e a r l y  em ployed t o  
o rg a n iz e  th e  s t i m u l i .
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S u b je c t  15 . L ik e  s u b je c t  8 , t h i s '  s u b je c t  d is p la y e d  no com­
p l e x i ty  i n  te rm s  o f  th e  co n cep t t o  b e  le a r n e d .  The s t i m u l i  w ere con­
c e p tu a l iz e d  w ith o u t r e f e r e n c e  t o •any o f  th e  e f f e c t  d im e n s io n s .
S u b je c t  l 6 . .  I t  a p p e a re d  t h a t  t h i s  s u b je c t  had  a t te n d e d  an d  had  
l i k e l y  i n t e g r a t e d  t h e  d im en sio n s o f  l e n g th  and d is p la c e m e n t  i n  p ro ­
c e s s in g  th e  s t i m u l i ,  i n d ic a t in g  h ig h  c o m p le x ity . How ever, c a n p le te  
c o n f id e n c e  i n  t h e  a c c u ra c y  o f  th e .  i d e n t i f i c a t i o n  o f  d im e n sio n s  u se d  
was n o t w a r ra n te d . _
C r i t iq u e  and Recom m endations
I n  answ er t o  th e  g e n e ra l  e x p e r im e n ta l  q u e s t io n  p o sed  i l H l i i s  
s tu d y ,  i t  was co n c lu d e d  t h a t  t h e  m ethodo logy  em ployed, in c lu d in g
r 4 -
b o th  m u lt id im e n s io n a l  s c a l in g  o f  c o n c re te  d im ensions and t h e  s t r a ­
te g y  o f  t r a n s m is s io n  o f  in fo rm a t io n  w ith  th e  o b j e c t  o f  a l t e r i n g  con­
c e p tu a l  s t r u c t u r e ,  form ed an  a c c e p ta b le  and v a lu a b le  a p p ro a c h  t o  t h e  
m easurem ent o f  c o n c e p tu a l  c o m p le x ity . The a u th o r  i s  aw are t h a t  t h e  
i n d iv id u a l  sum m aries j u s t  p r e s e n te d  a r e  u n s a t i s f a c t o r y  in  a  v a r i e t y  o f  
w ays, p r i n c i p a l l y  i n  t h a t  th e  c o n c lu s io n s  a r e  m ore h W v ily  b a s e d  on 
im p re s s io n , and h ence  l e s s  c e r t a i n ,  th a n  c o u ld  be  d e s i r e d !  I n  p a r t ­
i c u l a r  t h e  d e c is io n  o f  w h e th er o r  n o t .i n t e g r a t i o n  o f  d im e n s io n s  was 
p r e s e n t  i n  a  c o n c e p tu a l  s t r u c t u r e  r e l i e d  to o  h e a v i ly  upon s u b j e c t i v i t y  
( t h i s  p rob lem  h a s  been  n o te d  i n ' a  d i f f e r e n t  c o n te x t  by  S c h ro d e r  and  
B lackm an, 1965 ) .  T h is  p rob lem  can l i k e l y  b e  c o r r e c te d ,  h o w ev er, th ro u g h  
c o n c e n t r a t io n  o f  w ork on th e  d i f f e r e n c e  b e tw een  am o u n ts ' o f  v a r ia n c e  
a c c o u n te d  f o r  by  each  o f  t h e  i n d i v i d u a l  a t t e n d e d  d im e n s io n s .
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No s e r io u s  a t te m p t was made t o  "begin t h i s  work i n  t h i s  p a p e r  f o r  
t h e  re a s o n  t h a t  th e  a t te n d e d  d im en sio n s o f  s u b je c t s  in  th e  s tu d y  w ere 
g e n e r a l ly  n o t i d e n t i f i a b l e  w ith  s a t i s f a c t o r y  c e r t i t u d e  i n  th e  m u l t i ­
d im e n s io n a l s p a c e s .  Some o f  th e  c a u ses  o f  t h i s  d i f f i c u l t y  have  been  
i d e n t i f i e d ,  and a r e  p r e s e n te d  w ith  s u g g e s te d  rem ed ies .. F i r s t ,  i t  was 
d i f f i c u l t  to  d e c id e  w hich e f f e c t  d im en sio n s  w ere p r e s e n t  i n  a  s p a c e .  > 
JHELs fo llo w e d  from  th e  ex trem e i n t e r a c t i o n  o f  t h e  e f f e c t s ,  am ounting 
t o  m u l t i c o l l i n e a r i t y .  L e ss  o b l iq u e  r e l a t i o n s h ip s  among the" e f f e c t  
d im ensions w ould i n c r e a s e  d i s t i n g u i s h a b i l i t y .  T h is  c o u ld  be  a c h ie v e d  
i f  each  c a u s a l  d im e n s io n  h a d .o n ly  a  m a jo r  and a  m in o r e f f e c t .  T h is  
rem edy, how ever, d r a s t i c a l l y  re d u c e s  t h e  c o m p le x ity  o f  th e  c o n c e p t, 
re d u c in g  t h e  number o f  l e v e l s  o f  th e  e f f e c t  d im en sio n s f r a n  -seven  t o  
fo u r .  F u r th e r ,  i t  i n c r e a s e s  th e  f re q u e n c y  o f  an e f f e c t  d im ensions 
rem a in in g  a t  a  c o n s ta n t ' l e v e l  w h ile  o th e r s  v a ry ,  w hich may prom ote 
p r o c e s s - o f - e l i r n in a t io n  s t r a t e g y  on th e  p a r t  o f  s u b je c t s .  I n c r e a s in g  th e  
number o f  l e v e l s  o f  c a u s a l  d im e n s io n s  from  b in a r y  t o  t r i n a r y  w ould 
s o lv e '^ e ' ^ j ^ t  o f  t h e s e ,  d is a d v a n ta g e s .
A n o th er c a u se  o f  t h e  d i f f i c u l t y  i n  i d e n t i f y i n g  e f f e c t  d im en sio n s
was t h a t  th e y  w ere n o t  e a s i l y  d i s t i n g u i s h a b le  from  a t  l e a s t  one
im p o r ta n t  d im en sio n  i n  th e  c a u s a l  s t i m u l i ,  t h a t  o f  d e n s i ty .  I n  f a c t ,
th e  d e n s i ty  d im en sio n  was a  p e r f e c t  r e p r e s e n t a t i o n  o f  th e  e f f e c t  t h r e e -
sp ace  c o l la p s e d  t o  t h e  b e s t - f i t t i n g  o n e -s p a c e . T h is  a t  once e x p la in s
*
t h e  o th e rw is e  anom alous f in d in g  t h a t  t h e  second  sp a c e s  o f  a l l  no­
l e a r n e r s  c o r r e l a t e d  s i g n i f i c a n t l y  w ith  a l l  e f f e c t  d im e n s io n a l i t ie s  
( s e e  T ab le  8 ) ,  and  p e rh a p s  why d e n s i ty  was i d e n t i f i e d  i n  th e  second
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sp a c e s  o f  a l l  b u t  one r e l a t i o n a l  s u b je c t ,  t o  t h e  e x c lu s io n  o f  o th e r
c a u s a l  d im en sio n s . T h is  i s  a  s e r io u s  p ro b lem , and i s  due t o  th e
s t im u l i  used '. I t  i s  t h e r e f o r e  recommended t h a t  a  d i f f e r e n t  s t im u lu s
s e t  be c o n s t r u c te d  whose d im e n s io n a lity , can n o t be  confounded  w ith
th e  e f f e c t  d im e n s io n s . The s tim u lu s  d im en sio n s m ore u s u a l ly  em ployed
i n  co n c ep t a t ta in m e n t  s tu d i e s  su c h  a s  c o lo u r ,  sh a p e , and s iz e  a r e  a  
%
p o s s i b i l i t y .  How ever, i t  i s  s u s p e c te d  by th e  p r e s e n t  a u th o r  t h a t  
t h e s e  d im ensions may p ro v e  s o . s t a b l e  and  d e e p ly —r o o te d  i n  th e 'c o n c e p t ­
ua l-.-.1 s t r u c tu r e s  o f  i n d iv id u a l s  t h a t  s h i f t i n g  t o  a  d i f f e r e n t  s e t  o f  
d im e n s io n s  fo rv o rg a n iz in g  th e s e  s t im u l i  would b e  a c co m p lish e d  on ly  
w ith  g r e a t  d i f f i c u l t y ;  i t  was f o r  t h i s  r e a s o n  t h a t  th e  m ore ambiguous 
b in a r y  numbers w ere  em ployed a s  s t im u l i  i n  th e  p r e s e n t  s tu d y .
A t h i r d  d i f f i c u l t y  e n c o u n te re d  in  i d e n t i f y i n g .  • e f f e c t  d im en sio n s  
in ^ th £  seco n d  sp a c e s  was t h e  one m en tio n ed  in  C h a p te r  I I .  Due t o  
t h e  o b l iq u e  r e l a t i o n s h i p  among th e  e f f e c t  d im e n s io n s , th e  f i n a l  
s t r e s s e s  o f  sp a c e s  c o u ld  n o t b e  em ployed t o  d e te rm in e  th e  d im en sio n ­
a l i t y .  However, sh o u ld  t h e  c a u s a l  d im en sio n s  be  made c l e a r l y  d i s ­
t i n g u i s h a b le  from  t h e  e f f e c t s ,  c a u s a l  d im en sio n s  c o u ld  be rem oved from  
t h e  sp a c e  by  e l im in a t in g  t h e i r  f a c t o r s  from  t h e  f a c t o r  lo a d in g  p a t t e r n  
o u tp u t  frcan MDS. The- d im e n s io n s  o f  t h e  re m a in in g  sp a ce  c o u ld  th e n  b e
r .
r o t a t e d  away from  e a c h  o th e r  ( in  a  s u i t a b l e  com puter r o u t in e )  by  an  
a p p r o p r ia t e  amount ( e . g .  5 3 ° , w ere t h e  p r e s e n t  r e l a t i o n s h i p  u se d )  t o  
make t h e  sp a c e  o r th o g o n a l .  The new f a c t o r  lo a d in g  p a t t e r n  c o u ld  th e n  
b e  r e s u b m it te d  to-MDS a s  an  in p u t  c o n f ig u r a t io n .  The o u tp u t  o f  t h i s  
r o u t in e  .co u ld  th e n  be a s s e s s e d  by s t r e s s , -  and th e  e f f e c t  d im e n s io n s ,
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i f  p r e s e n t ,  w ould be g r a p h i c a l l y  r e p r e s e n te d  a s  o tib o g o n a l, p e r m i t t in g
i d e n t i f i c a t i o n  th ro u g h  a  p rocatfaire  s im i la r  t o  t h e  one d e s c r ib e d  above
as " i d e n t i f i c a t i o n  by  d e r iv e d  r e f e r e n c e  a x e s " .
I n  summary, th e  group r e s u l t s  d e m o n s tra ted  t h a t  t h e  s t r a t e g y
o f  m ea su rin g  r e - c o n c e p tu a l i z a t io n s  o f  c o n c re te  s t im u l i  i s  p r a c t i c a l
and may b e  a p p r o p r ia te  f o r  t h e  s tu d y  o f c o n c e p tu a l  c o m p le x ity . The
*
i n d iv id u a l  r e s u l t s  d e m o n s tra te d  t h a t  th e  m easurem ent o f c o n c e p tu a l  
c o m p le x ity  i s  a p p ro a c h a b le  th ro u g h  MDS, b u t  a l s o  i n d i c a t e d  seme p rob lem  
a re a s  i n  t h e  i n t e r p r e t a t i o n  o f  can p le x  c o n c e p tu a l  s p a c e s .
, /'
8»
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INSTRUCTIONS
I  have h e re  a  s e t  o f  e ig h t  s tim u lu s  c a r d s . Each c a rd  h a s  th r e e  
colum ns, A, B , and C, each  o f  w hich  c o n ta in s  a  bo x . T hese b o x es may 
be  b la n k  o r  d a rk e n e d . [A ll  e ig h t  c a rd s  a r e  d i s p la y e d  d u r in g  t h i s . ]
These s t im u lu s  c a rd s  have been  a rra n g e d  i n  t r i a d s ,  o r g ro u p s  o f
*
t h r e e ,  on th e s e  c a rd s , [ [se v e ra l c a rd s  frcm  th e  s c a l in g  deck  a r e  d i s ­
p la y e d ] .  I  am g o in g  t o  show you  th e s e  c a rd s  [ in d i c a t in g  s c a l in g  deck] 
one a t  a  t im e ,  and  I  w ant you t o  show m e, f o r  e a c h , w hich p a i r  o f  
s t im u l i  out- o f  th e  t r i a d  a r e  m ost s i m i l a r , and th e n  w hich p a i r  a re  
m ost d i s s i m i l a r , by p o in t in g  t o  them . Now, w hich  p a i r  on t h i s  f i r s t
' m
} c a rd  a r e  m ost s im i la r ?  . . .  Which a r e  m ost d i s s im i la r ?  . . .  [n e x t c a rd ]  
w hich a r e  m ost s im i la r ?  . . .  Bio f u r t h e r  q u e s t io n in g ] .
[ A f te r  a l l  s c a l in g  c a rd s  have b een  ju d g e d ]  I  have h e re  a  second 
s e t  o f  e ig h t  s t im u lu s  c a rd s  C a ll e ig h t  a r e  d i s p la y e d ]  . The f i r s t  
s e t  o f  c a r d s ,  th e  ones you have b e e n  J u d g in g , a r e  r e l a t e d  to  t h i s  s e t ,  
i n  f a c t  th e  f i r s t  s e t  c a u se s  t h e  seco n d  s e t .  I  wo.uld l i k e  y o u  t o  t r y  
t o  d e te rm in e  th e  a c t u a l  r e l a t i o n s h i p  b e tw een  t h e  f i r s t  s e t  o f c a rd s  and 
th e  seco n d . To h e lp  y o u  do t h i s ,  I  w ould l i k e  you  t o  choose  a  c a rd  
fro m -th e  f i r s t  s e t  [by now l a i d  o u t  b e fo r e  th e  s u b je c t ,  i n  o rd e r  o f  th e  
b in a r y  num bers th e y  d i s p l a y ] ,  and I  w i l l  p la c e  b e s id e  i t  t h e  c a rd  from 
t h e  seco n d  s e t  c a u se d  b y  i t . .  The c a rd s  I  l a y  o u t a t  y o u r r e q u e s t  w i l l  
be  l e f t  on d i s p la y  w h ile  you  r e q u e s t  t h e  o t h e r s .  When y o u ;h a v e  r e q u e s te d  
a l l . t h e  c a r d s , - th e y  w i l l  rem a in  d is p la y e d  u n t i l  you  a re  f i n i s h e d  lo o k in g  
a t  them . Now p le a s e  choose  a  c a rd  frcm  t h i s  f i r s t  s e t  . . .  T h a t c a rd
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c a u se s  t h i s  A rra n g e m e n t in  th e  seco n d  s e t  [and  so  on , u n t i l  a l l  c a rd s  
a re  l a i d  o u t ] ,  [When a l l .  t h e  c a rd s  have b een  l a i d  o u t]  t e l l  me when 
you  a re  f in i s h e d .
[A ll c a rd s  a r e  rem oved frctn th e  t a b l e ,  and th e  e f f e c t  s e t  a r e  
l a i d  o u t  i n  random o r d e r . ]  How I  w ould l i k e  you  t o  i d e n t i f y  th e  c a rd  
i n  t h e  second  s e t  c a u sed  by each  c a rd  i n  th e  f i r s t  s e t .  W hich o f  th e s e  
c a rd s  i s  c a u se d  by t h i s  ca rd ?  . Which i s  c a u se d  by t h i s  ca rd ?  . . . [ e t c . ]  
How w e ' l l  ru n  th ro u g h  a l l  t h e  c a rd s  a g a in . P le a s e  choose a  
c a rd  and  I ' l l  show you w hich c a rd  t h a t  one c a u se s  . . .  T h a t c a rd  c a u se s  , 
t h i s  one . [ e t c . ]  How I ' d  l i k e  you  t o  i d e n t i f y  th e  c a rd s  a g a in  [se c o n d
p a s s  i s  i d e n t i c a l  t o  th e  f i r s t ]  .
How I  w ould  l i k e  you  t o  lo o k  a t. t h e s e  c a rd s  a g a in  [ s c a l in g  d e c k ] .
T h is  tim e  how ever I  w ould  l i k e  you to  make judgm en ts o f  s i m i l a r i t y  and
d i s s i m i l a r i t y  on th e  b a s i s  o f  t h e  e f f e c t  th e s e  c a rd s  h av e  on th e  s e c -  
ond s e t  o f  c a r d s . Thus f o r  t h i s  f i r s t  c a rd ,  w hich  p a i r  o f  s t im u l i  on 
t h i s  c a rd  a re  m ost s im i l a r  i n  te rm s o f  t h e  e f f e c t  th e y  have  on th e
second  s e t  o f  c a rd s ?  . . .  Which p a i r  i s  m ost d i s s i m i l a r  i n  te rm s  o f
t h e  e f f e c t  th e y  h av e  on th e  second  s e t  . o f  c a rd s ?  [R e p e a te d  f o r  t h e  . 
n e x t c a rd  o n ly .]
[When a l l  s c a l i n g  c a rd s  have" been  ju d g e d , and  th e  e f f e c t  c a rd s  
a g a in  l a i d  o u t random ly] I  w ould l i k e  y o u  t o  i d e n t i f y  a g a in  w hich  c a rd  
.c a u s e s  e a ch  .o f  t h e s e .  Which c a rd  does t h i s  c a rd  cause?  [R e p e a te d  
f o r  each  c a u s a l  c a r d . ]  .
(
May I  a sk  how o ld  you  a re ?  ]
Thank you f o r  y o u r h e lp  in. t h i s  ex p e rim e n t [ fo l lo w e d  by  d e b r i e f i n g ] .
(
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Bruce V. A. W h it t le s e a 'w a s  "born on Ju n e  1 ,^ 9 5 0  i n  T o ro n to ,
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.O nt. I n  J u n e , 1968 he graduated .' from and d e l iv e r e d  th e  v a le d i c to r y  
addresE a t  S c a r l e t t  H e ig h ts  C o l le g ia te  I n s t i t u t e ,  T o ro n to , O nt. In  
S ep tem b er, 1968 he e n ro l ld a N a t  t h e  U n iv e r s i ty  o f  T o ro n to , and g ra d u a te d  
v i t h  th e  B a c h e lo r  o f  A r ts  d«sgree in  May, 1973. F o llo w in g  a  y e a r 's
r
employment a t  A lb e r ta  H o s p i ta l  Edm onton, he  e n r o l l e d  a t  th e  U n iv e r s i ty
o f  W indsor. He g ra d u a te d  w ith  th e  B a c h e lo r  o f  A r ts  (Hon. P s y c h .)
) ' d eg ree  in  May, 1976., I n  r e c o g n i t i o n  o f  h ig h  s c h o la s t i c  ach iev em en t
he  was in c lu d e d  i n  th e  P r e s i d e n t 's  R o l l  o f  S c h o la rs ., S in c e  Septem ber^
1975 he h as  been  e n r o l l e d  i n  t h e  M a s te r ' s 'program m e i n  s o c i a l - p e r s o n a l i t y
p sy ch o lo g y  a t  th e  U n iv e r s i ty  o f  W indsor.
e
B ruce W. A'. W h it t l^ s e a  i s 'm a r r i e d  t o  t h e  fo rm er G lo r ia  , J .  B a n n is te r .
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